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The dibenzobicyclo[2.2.2.Joctadien-7-yl free radi- 
cal and the dibenzobicyclo[3.2.1.]octadien-2-yl free 
radical were investigated with the intention of gaining 
insight into the possibility of interconversion of the 
radicals by means of a 1,2-phenyl migration (neophyl re- 
arrangement) . The desired radicals were generated by the 
peroxide-initiated decarbonylations of 7-formyldibenzo- 
bicyclo[2.2.2.Joctadiene and a mixture of exo- and endo- 
2-formyldibenzobicyclo[3.2.1.Joctadiene. 

Rearrangement is found only in the decarbonylation 
of 7-formyldibenzobicycio[2.2.2.jJoctadiene; in this 
reaction is produced dibenzobicyclo[3.2.1.]octadiene, 
dibenzobicyclo[2.2.2.Joctadiene and coupling products 
derived from the dibenzobicyclo[3.2.1.]octadien-2-yl 
radical and initiator-produced radicals. The ratio of 
rearranged products to unrearranged product increases 
with decreasing initial aldehyde concentrations. This 
concentration dependence has been used as evidence in 
establishing that two discrete radicals are involved in 
the rearrangement. Explanations are offered in inter- 
preting the observed lack of rearrangement when 2-formyl- 


dibenzobicyclo[3.2.1.]octadiene is decarbonylated. 
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INTRODUCTION 


In the relatively short history of free radical re- 

arrangements, 1,2-phenyl shifts occupy an important 

place. In 1945, Kharasch, Lambert and Urry (1) reported 
such a rearrangement in the neophyl radical; it was the 
first demonstration of a carbon radical rearrangement in 
solution. Treatment of 1-chloro-2-methy1l-2-phenylpro- 
pane (neophyl chloride) with phenylmagnesium bromide in 
the presence of cobaltous chloride led to a mixture of 


hydrocarbons in 55% yield, half of which had rearranged. 


| a an 

ae. ee ee + CH.—C——C—_- 
3 | CoCl, 5 | 3 | i 
CH, cH, H CH, H 


Accordingly, this type of 1,2 phenyl migration has become 
known as the neophyl rearrangement and has subsequently 
been observed in many other systems. Amongst these can 
be mentioned free radical additions to olefins (2), the 
decomposition of azo compounds (3), the thermolysis of 
peroxy compounds (4), the attack on alkyl benzenes by 
peroxides (5), radical halogenations (6), and the per- 
oxide-induced decarbonylation of aldehydes (7). There 
are several reviews of the reaction; amongst them may be 
cited those by Walling (8), Freidlina (9) and Wilt (10). 
The decarbonylation of aldehydes has proved to 


be a valuable reaction in the investigation of the neo- 
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phyl rearrangement. Winstein and Seubold (7a) investigated 
the decarbonylation of 3-methyl-3-phenylbutanal and found 
that the reaction, initiated by di-tert-butyl peroxide, 
gave, in 70% yield, approximately equal amounts of rerle 


butyl benzene and iso-butyl benzene. They proposed the 


following path; 


CH O H 
S iI 3 
Ar- -CH,-C. —_ > Ar-C-CH, - + CO 
\ 
CH, CH, 
a 
CH CH CH CH O 
es: ) 3 j 3 pans Il 
soon) Ohi + Duepean2 se Baia i 25; TaCes “f bo GaCkoe ; 
H, CH, CH, CH. 
Wee rex! 
— 4 e we Ose — a eo 
Ar , CH, Ar CH. c 
CH, CH, 
b 
CH CH CH CH O 
fas ; 3 | 3 re | 
Seite Bate + a ae ta —— see Ds es + ao ea 
CH, CH, CH, CH, 


Urry and Nicolaides (7b) showed that the rearrangement 
of a tertiary radical to a primary one (i.e. the reverse 
neophyl rearrangement) does not take place. They de- 


carbonylated 2,2-dimethyl-3-phenyl propanal and found 


that the products were derived from the unrearranged 
1,1-dimethyl-2-phenylethyl radical. This action in- 
dicates that the higher stability of one of the radicals, 
usually the rearranged one, is a significant factor 

in the rearrangement. 

However, a study by Slaugh (11) indicated that the 
higher stability of one of the radicals is not the sole 
reason for the rearrangement. Slaugh decarbonylated 
3-phenylpropionic-2-!4c aldehyde to obtain 2-phenyl- 
ethyl-1-+4¢ radicals, and found that these radicals 
undergo rearrangement as shown. The extent of rearrange- 


ment varied between 3.3 and 5.1%, depending on the tem- 


perature employed. 


Ar-CH,-" “CH,-CHO i Ar-CH,-""CH,. 


14 _14 we 
Ar-CH,- CH. - —_ ~CH, CH, Ar 


In this case, there are no structural factors which 
might favour rearrangement. 

The factor which does indeed seem to affect the 
extent of rearrangement is the lifetime of the radicals 
involved. There have been several studies carried out 
which have shown that the extent of rearrangement upon 
decarbonylation of aldehydes decreases on addition of 


a hydrogen donor. Winstein, Heck, Lapporte and Baird 
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4. 


(12)4) Slaughei(11),,-andsWilt-and Philip (7d) examined the 
decarbonylation of various aldehydes and showed that the 
extent of rearrangement decreases upon the addition of 
such donors as mercaptans. For example, Wilt and Philip 
(7a) showed that the addition of benzyl mercaptan to 1- 
phenylcyclohexylacetaldehyde inhibited the formation of 
rearranged product. The chain-transfer constants for 
mercaptans are considerably higher than those for alde- 
hydes, and accordingly the addition of a mercaptan de- 
creases the lifetime of radicals so that they are trapped 
before they rearrange. 

Where there is no chain-transfer agent added, re- 
arrangement can be inhibited by decreasing the concent- 
ration of the reacting aldehyde. The higher the 
concentration of the aldehyde, the greater will be the 
trapping of the unrearranged decarbonylated radical by 
its chain transfer with unreacted aldehyde. Of course, 
the radicals can undergo other reactions, such as re- 
action with the solvent, disproportionation, coupling 
with each other and with radicals derived from the 
initiator. There is also the possibility of the forma- 
tion of ketonic products from the radical initially 
produced by the abstraction of the aldehydic proton. 

For example, the peroxide-initiated reaction of 4- 
methyl-4-phenylpentanal at 100° gave 18% of 4,4-dimethyl- 


l-tetralone, which must have arisen by intramolecular 
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addition to the benzene ring by the initially formed 


radical e(13 }y- 


All these possible reactions are exemplified in Scheme I 
by the decarbonylation of 3-methyl-3-phenylbutanal. 

The mechanism of the neophyl rearrangement is 
widely assumed to involve two discrete radicals, the un- 
rearranged and rearranged ones; bridged radicals are 
only involved as transition states or short-lived un- 
stable intermediates. The evidence for this assumption 
is widespread. Kochi and Krusic (14) have failed in 
their attempt to detect the spiro radical, c, by elect- 


ron paramagnetic resonance spectroscopy at low tempera- 


Ww 
1a 
Ww 


tures; they observed a spectrum corresponding to the 
open radical. Also, the extent of rearrangement is 
inversely dependent on substrate concentration (15) and 
is decreased if efficient chain transfer agents are 


present (7d). The decarbonylation of optically active 
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3-methy1l-3-phenylpentanal gave racemic rearrangement pro- 
duct, whereas, had a bridged species been a product- 


forming intermediate, an inverted product would have been 


Ar Ar 
| ° e 
CH.-C -CH.,-CHO -C-CH,—O—_»> -C-CH,- 
3 | 2 A << CH, ‘ CH. CH. . CH. Ar 
H 
C. 5 CoH, eS CoH, 
a 
SH SH 
Ase 
Gi, air Cig SHOR CHR GH nAG 
Cots Soe 
Racemic 


anticipated (16). 

All these results indicate only that there are at 
least two discrete intermediates and it is still pos- 
Sible that one of these may be a bridged species. How- 
ever, it is usually assumed that the two radicals are 
of the non-classical type. Evidence in support of this 
contention has been supplied by Hamilton and Fischer 
(17) who observed the low-temperature epr spectra of 
radicals a and b. They photolyzed tert-butylbenzene in 
the presence of di-tert-butyl peroxide and found that 
at low temperatures (below 270°K) only radical a was 
present. Above 360°K, only radical b was present and 


between these temperatures, both radicals were observed. 
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Free radical rearrangements have been observed in bi- 
cyclic systems. Cristol and Nachtigall (18) reported that 
the addition of chlorine atoms, produced from either 
nitryl or sulfuryl chloride, to benzonorbornadiene gave 
some exo-syn-dichloroide. Polar addition products were 
also found, and one of the criteria for ascribing the 
formation ofthe exo-syn-dichloride product to a radical 
pathway was that under polar conditions the initial attack 
Was ©xO, wiereas the Formation: of exo-syn-dichloride re- 
quires endo attack, such as is observed to jtheyextent of 


20% in the free radical bromination of norbornene (19). 


22 (OFS 


Such radical rearrangements in the benzonorbornene system 
remainerare. UhMartinnandsKosteri(20) did not observe any 
rearrangements in the radical addition of bromotrichloro- 


methane, carbon tetrachloride or trichlorosilane to this 
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substrate. Cristol and Pennelle (21) found no rearrange- 
ment when 4,4-dideuteriotribenzobicyclo[3.2.2]nonatriene 


was brominated. They: did: finds that. the corresponding 


cation rearranged. 


The paucity of instances of free-radical rearrange- 
ments in bicyclic systems led Tanner and Brownlee 
(22) to the conclusion that the formation of rearranged 
product in the iodination of dibenzobicvedo (2a2mn2iocta-— 
triene was by an ionic pathway. Indeed, it seems likely 


that this was the case, since the reaction in the 


2OF 


absence of light yielded rearranged endo—4—syn=s-d110do— 
dibenzobicyclo[3.2.1.]Joctadiene but upon irradiation 
trans-7,8-diiodibenzobicyclo[2.2.2.]Joctadiene was the only 
product formed. Iodine is a good transfer agent and it 
seems likely that the radical initially formed by addition 
of an iodine atom to the olefinic bond was trapped before 
it had time to rearrange. 

Similarly, Cristol and Mueller (23) recently investi- 
gated the brominations of 7-methyldibenzobicyclo[2.2.2.]- 
octadiene,. trans-7,8-dimethy ldibenzobicyclo[2.2.2.]Jocta- 
diene, cis-7,8-dimethyldibenzobicyclo[2.2.2.]octadiene 
and 7,7,8-trimethyldibenzobicyclo[2.2.2.]Joctadiene with 
bromine in carbon tetrachloride in the presence of light 
and they reported no rearrangement products of these 
reactions. This lack of rearrangement can be attributed 
to the rapid transfer of the radicals involved with 
bromine or with hydrogen bromide. The tertiary radical 
which was formed in each case would have been expected 
to have a longer lifetime than the substituted second- 
ary radical at the same position and therefore, had the 
transfer not been so fast, rearrangement would have 
been possible. 

Recently, Jarvis and Yount (24) reported an example 
of| a 1,2 phenyl migration in the dibenzobicyclo[2.2.2]- 
octadiene system. Carbonium ion rearrangements in this 


system are well known, but this was the first report 
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of a free radical rearrangement. The authors showed that 
the reduction of 7,7,8,8-tetrachlorodibenzobicyclo[2.2.2.]- 
octadiene by tri-n-butyl tin hydride led not only to 
777,8-ctrichlorodibenzobicyclo[222.2. Joctadiene, but also 
to the rearrangement product 1,8,8-trichlorodibenzobi- 


Gyclo(S. 2... soctadiene, 


They ascribed this rearrangement to a longer-than-antici- 
pated lifetime of the 7,7,8-trichlorodibenzobicyclo- 
{2.2.2.Joctadien-8-yl radical because of difficult chain 
transfer occasioned by the adjacent gem-dichloro function. 
When 7,7,8-trichlorodibenzobicyclo[2.2.2.]octadiene was 
allowed to react with tri-n-butyl tin hydride, only un- 
rearranged trans-7, 8-dichlorodibenzobicyclo[2.2.2.1]- 
octadiene was obtained. In this instance there is only 
one 8-chloro substituent and so, it was rationalized, 
there is diminished steric inhibition to chain transfer. 
In a further study in this system, Jarvis, Govoni and 
Zell (25) report that in the free-radical addition of 
either carbon tetrachloride or bromotrichloromethane to 


either dibenzobicyclo[2.2.2.]octatriene, 1, or to one of 
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the halo-olefins 2 or 3, reversible rearrangement was 
observed. The reactions are shown schematically below. 
The authors concluded that rearrangement was taking place 
reversibly because the product from i gained more than 


that from j when the temperature was raised and when the 


concentrations of chain-transfer agent were lowered. 
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This reversible rearrangement is somewhat unexpected be- 
cause the benzylic radical would be expected to be much 
more stable than the initially generated one. 

These results can be explained in another, although 
unprecedented, way. If the radical initially formed by 
addition to the olefin were a oO radical, it would have 
tetrahedral geometry because of its sp? hybridization. As 
a consequence, two isomeric radicals could be formed 
initially, and these could rearrange or transfer at dif- 
ferent rates. The processes are shown in Scheme II. 

The rate equation for the formation of V and VI re- 


duces to the form 


a(v)/at _ *R(a) Kea) rib) * *(p) 
di(yvijvdat 


KR (b) Kp (b) KR (a) 


which is seen to be dependent upon the concentration of 
the transfer agent, YR. This mechanism also predicts 
that the (ratio (eV). (211I))/((LY)-F (Vid) would be in- 
dependent of the concentration of transfer agent, YR; 
the reported results bear out this prediction. It must 
be stressed that this proposal of a tetrahedral radical 
fevasspeculative one, but one, that merits further vin; 
vestigation. 

To date, no studies have been reported where, in a 
bicyclic system, the equilibrium between the two radi- 


cals has been approached from both sides. Such a tandem 
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study should permit more knowledge to be obtained con- 
cerning the neophyl rearrangement in bicyclic systems, 
especially in the realm of rearrangement from a benzylic 
radical to a secondary one, as was reported by Jarvis 
(25). For these reasons, it was decided to generate both 
the dibenzobicyclo[2.2.2.]octadien-7-yl radical and the 
dibenzobicyclo[3.2.1.]Joctadien-4-yl radical and by a 
study of the products formed, to ascertain the extent of 
rearrangement of each of them. To avoid any effects due 
to substituents, which were present in the studies by 
Jarvis, peroxide-initiated decarbonylation of the cor- 
responding aldehydes was chosen as the mode of generation 
of the’ radicals. It was recognized, of course, that the 
presence of a chlorine substituent, as in the compounds 
studied by Jarvis, could possibly facilitate the re- 


arrangement of the benzylic radical to the [2.2.2.] one. 
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For the decarbonylation studies, the two aldehydes 
7-Tormy Pdibenzobicyclol[272.2.)octagiene, 47 and 2-formy idi- 
benzobicyclo[3.2-1.Joctadiene, 5, were required. Compound 
4 was prepared by the Diels Alder reaction of anthracene 
and acrolein, following a method of Murahashi, Yuki and 
Kosen (26). 

The choice of the synthetic route to 2-formyldibenzo- 
bicyclo[3.2.1.]Joctadiene, 5, was governed by the accessi- 
bility of an intermediate known to possess the required 
bicyclo[3.2.1.]skeleton. Initially an attempt was made 
to react the Grignard reagent of 4-chlorodibenzobicyclo- 
[3S-2-l1.]octadiene, 6, ‘with either gaseous formaldehyde or 
paraformaldehyde to bring about the synthesis of a primary 
alcohol which could then be oxidized to the required alde- 
hyde. It proved difficult to make the Grignard reagent 
from the chloride, but when finally it was made, it was 
found to be inert to attack by formaldehyde. Upon hyd- 
rolysis, only the hydrocarbon, dibenzobicyclo[3.2.1.]- 
octadiene, 7, was obtained. Further reactions of the 
Grignard reagent with carbon dioxide in either the solid 
or gaseous form were also unsuccessful and again hyd- 
rolysis resulted in the isolation of the hydrocarbon 7. 

As a consequence of these results, the attempted synthesis 


of the aldehyde 5 via the chloride 6 was abandoned. 
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A second synthetic route was established which used 
dibenzobicyclo[3.2.1.]octadien-2-one, 8, as the key inter-— 
mediate. The ketone was obtained by the chromium tri- 
oxide/pyridine oxidation of a mixture of exOr,and.endo- 
dibenzobicyclo[3.2.1.]octadien-2-ols. Its physical and 
spectral properties were identical to those reported (27, 
28). The mixture of alcohols was obtained by a sequence 
of reactions established by Cristol (27,30). The ketone 
was converted to the required aldehyde in poor yield by 
the Darzens reaction, or, in better yield, by the use of 
dimethylsulfoniummethylide. 

In the Darzens reaction the ketone was treated with 
ethyl;chiloroacetate.and; potassium,tert—butoxide] in, tert- 
butanolsetoatorms thei glycidies, esters) .-hihelesterawasgnot 
isolated but was treated with concentrated acid to yield 
the desired aldehyde in low yield, contaminated by unre- 
acted ketone. A second technique, employing sodium 
ethoxide as the base, was even less successful. It had 
been hoped that it would prove possible to separate the 
aldehyde from the ketone by forming the sodium bisulfite 
adduct of the aldehyde, but the adduct could not be formed 
by either of the two procedures attempted (31,32). 
Chromatographic separation, employing either column or 
thick-layer techniques with a variety of solvents, was 
only partially successful as the ketone and the aldehyde 


had almost the same Rf values under these conditions. 
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Consequently, it was decided to try an alternative route 
to the desired aldehyde 5. 

The second route, Route b, involved a reaction de- 
veloped by Corey and Chaykovsky (33). The dimethylsul- 
foniummethylide was prepared by the reaction of n-butyl 
lithium on trimethylsulfonium iodide at low temperature. 
When this was added to a solution of the ketone, 8, also 
at low temperature, the epoxide 10 was formed. This was 
then treated with boron trifluoride etherate to yield the 
desired aldehyde as a mixture of presumably the exo and 
endo isomers. Once again there was present unreacted 
starting ketone, but in this case the proportion of alde- 
hyde to ketone was significantly greater. A column 
chromatography partial separation of the aldehyde from 
the ketone yielded a mixture of 90:10% of aldehyde to 
ketone. Since the ketone was shown not to react under 
the conditions of the decarbonylation reactions, and 
since the proportion of ketone to aldehyde could be 
determined by glpc, it was this mixture which was used 


in the decarbonylation studies. 


Peroxide-Initiated Decarbonylation of 7-Formyldibenzo- 
Dicyclo [2.2227] octadiene 


The initial study was carried out upon 7-formyldi- 
benzobicyclo[2.2.2.Joctadiene, 4, in the presence of 


benzoyl peroxide as a free radical initator. It was 
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found that dibenzobicyclo[2.2.2.Joctadiene, i, @ands&ai— 
benzobicyclo ps. 2e1gpoctadiene? 7, arising from the unre- 
arranged and rearranged radicals, were, indeed, among the 
products. However, there was such a plethora of other 
products formed which appeared to arise from the initiat- 
or and which were difficult to identify and separate that 
it was decided to change the initiator. Accordingly, all 
subsequent experiments were carried out using as free 
radical initiator tert-butyl perpivalate, which was pre- 
pared by the reaction of pivaloyl chloride with tert-butyl 
hydroperoxide. Chlorobenzene was chosen as solvent for 
the decarbonylations since it is known to be relatively 
inert to free radical attack’ (34): 

Preliminary studies with this initiator showed that 
once again the two hydrocarbons 7-and ll were formed: 
However, they were not the only compounds produced in the 
reaction. Various coupling products were also observed. 
At the temperatures employed in the decarbonylations, 
tert-butyl perpivalate gives rise to tert-butyl, tert- 


butoxy and methyl radicals (35). 
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Any of these radicals may react by either abstrac- 
tion, addition or coupling with the substrate or with 
either of the radicals which arise from its decarbonyla- 
tion. They may, of course, couple with each other, but 
only anthracene and those products which contained either 
the dibenzobicyclo[2.2.2.Joctadiene skeleton or the di- 
benzobicyclo[3.2.1.]Joctadiene skeleton were considered 
in the analysis of the reaction products. Under the 
conditions of analysis, these initiator-derived products 
were eluted before the external standard and were not re- 
solved. Because of the short chain lengths in decar- 
bonylation reactions (36), a relatively high concentration 
(0.15 -M) of initiator was necessary to achieve a signi- 
ficant amount of reaction. 

If all the possible combinations of the radicals 
derived from the initiator (methyl, tert-butyl and 
tert-butoxy) and the rearranged and unrearranged dibenzo- 
bicyclo radicals are considered, a total of nine radical 
coupling products are possible, since the rearranged 
dibenzobicyclo products can be formed with either exo 
or endo stereochemistry. There is also the possibility 
of coupling between two dibenzobicyclo radicals and 
these reactions would in theory give rise to a further 
five products. Of all these products, the following 
were found: exo-4-tert-butyldibenzobicyclo[3.2.1.]octa- 


Giene, 12, 4-methyldibenzobicyclo[3.2.1.]octadiene, ate 
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(the stereochemistry of this product was not established) , 
exo-2-tert-butoxydibenzobicyclo[3,2.1.]Joctadiene, 14, and 
endo-2>Lert-butoxydibenzobicyclol3e2+1.)\octadiene, Mide 
The first of these was a major product (>70% of coupling 
products), whereas the latter three were minor (each less 
than 2e-oL the yield of=total* products). “Add1tronailly; 
there was evidence that endo-4-tert-butyldibenzobicyclo- 
foe2e se oc lLad ene, 16, was also present in a minor amount 
(<4% of total products). Evidence also existed for the 
assignment of another minor peak in the glpc analysis 
erace™ 6" 4—bis—(dibenzobicyclo[3.2.1.]octadiene), 17; 
this compound would have arisen from coupling between two 
of the rearranged radicals. It was a minor product (<3% 
of total products). The radical coupling products formed 
from 42% to 64% of the total yield of products. 

Not all of these compounds were independently syn- 
thesized; however, the two ethers 14 and 15 (and also 7- 
tert-butoxydibenzobicyclo[2.2.2.]octadiene, 18, which 
was not a reaction product), were prepared by the re- 
action of the corresponding alcohol with isobutylene in 
the presence of acidic resin. None of the three hydro- 
carbons 12, 13 and 16 was prepared but, for the purposes 
of comparison of their spectral properties and glpc 
retention times, their [2.2.2.] analogues were. /- 


Methyldibenzobicyclo[2.2.2.Joctadiene, 19, a known 
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compound (37), was obtained by the Clemmensen reduction 
of 7-formyldibenzobicyclo[2.2.2.]Joctadiene; the yield was 
small but the route had the advantage of confirming the 
structure of the aldehyde. 7-tert-Butyldibenzobicyclo- 
[2.2.2.loctadiene, 20, was prepared by the Diels Alder 
reaction of anthracene and 3,3-dimethyl-l-butene. Even 
though forcing conditions were used, the yield was small, 
but there was no other obvious route to this compound 
which would not have involved the possibility of the 
formation of a carbonium ion or a free radical at the 7- 
position. 

In the preliminary study using benzoyl peroxide as 
initiator, there was found 7-carboxydibenzobicyclo[2.2.2.]- 
octadiene, 21, the acid corresponding to the oxidation 
product formed by oxidation of the starting aldehyde 4. 
It is possible that this contaminant was a result of air 
oxidation of the aldehyde. Certainly this process takes 
place, as evidenced by the presence of the acid in an 
erstwhile uncontaminated sample of aldehyde 4 which had 
been allowed to remain in contact with the air for sev- 
eral weeks i. {In ’viewso£f this, all batches;of:aldehyde.4 
were routinely subjected to infrared analysis before 
decarbonylation in order to ensure that they were free 
of acid contamination. After this precautionary measure 
was instituted, no 7-carboxydibenzobicyclo[2.2.2.]octa- 


diene was observed in the analyses of the reaction mix- 
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tures. For comparison, an authentic sample of 7-carboxydi- 
benzobicyclo[2.2.2.]octadiene, 21,was obtained by the 
silver-oxide oxidationof 7-formyldibenzobicyclo[2.2.2.]- 
octadiene. 

The glpc analyses of the product mixtures were carried 
out using a liquid phase of neopentyl glycol succinate 
(NPGS) on acid-washed Chromasorb P, 60-80 mesh. Two 
columns of this packing material were employed in the 
analyses. Under isothermal conditions at 150°, a 4 ft x 
0.25 in NPGS column was able to separate the external 
standard (biphenyl), the two isomeric hydrocarbons 11 
and 7, dibenzobicyclo[2.2.2.Joctatriene,1, 7-methyldi- 
benzobicyclo[2.2.2.]Joctadiene, 19, 4-methyldibenzobicyclo- 
jae le oOctadicne, 13, anthracene, 22,7 J/-rert-butyioi 
benzobicyclof{2.2.2.Joctadiene, 20, and exo-4—-tert—butyl— 
dibenzobicyclo[3.2.1.]octadiene, 12. Under the same 
temperature conditions a 2 ft x 0.25 in NPGS column was 
able to separate the external standard, exo-4-tert-butyl- 
dibenzobicyclo[3.i2.1 5] octadiene,, 12, endo-4-Lert-butyt— 
Aeon cyclo [o.26toctannene, 16,° 7-Cect—butoxydi= 
benzobicyclo[2.2.2.Joctadiene, 18, exo-2-tert-butoxydi- 
benzobicyclo[3.2.1.]Joctadiene, 14, endo-2-tert-butoxy- 
dibenzobicyclo[3.2.1.Joctadiene, 15, the presumed bis-4- 
(dibenzobicyclo[3.2.1.]octadiene), 17, 7-formyldibenzo- 
bicyclo[2.2.2.Joctadiene, 4, and 7-carboxydibenzobicyclo- 
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Typical chromatographic traces are shown in Figures I and 


iia tA 


Quantitative Studies on the Decarbonylation of 7-Formyl- 
Weighed amounts of the aldehyde were placed in thick- 
walled Pyrex ampoules, followed by an aliquot of a stand- 
ard solution of tert-butyl perpivalate in chlorobenzene. 
After being degassed by the freeze-thaw method and sealed, 
the ampoules were placed in an oil bath thermostated to 
84° for a time of at least ten half-lives of the initiat- 
or. Upon completion of the reaction the ampoules were 
removed from the bath, frozen and opened. An aliquot of 
a eeanaard solution of biphenyl in chlorobenzene was 
added. The reaction mixtures were then analysed by 
glpc as was described above. The results of these ex- 
periments are shown in Table I. The concentrations of 
the starting aldehyde 4 were varied in order to investi- 
gate whether the ratios of the dibenzobicyclo( 2222. )- 
octadiene to dibenzobicyclo[3.2.1.Joctadiene weregde- 
pendent upon the initial concentration of the starting 
aldehyde. These ratios were found to increase from 
0.613 to 7.68 as the concentrations of the aldehyde 4 


4 M to 5.08 x 10-7 M. A more 


dropped from 8.22 x 10. 
significant ratio is one which compares the total amount 


of products with the [2.2.2.]skeleton with the total 
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TABLE I 
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Reaction of 7-Formyldibenzobicyclo[2.2.2.]Joctadiene at 84° 


[Ze2e2,) product 
(continued......) 


Reaction ih 2 3 4 
eo teem O° 850 363 310 ae 
* 
ONO) 7.63 + 0.02 3.87+0.02 3.04+0.01 3.04 + 0.05 
ee 
@OsV@ 4.68 + 0.07 3.92+0.03 4.28+0.03 4.23 + 0.02 
\ 
Or @ 0.0 0.0 0.0 0.05 + 0.002 
BA 
bee 
OLWIO) 0.64 + 0.06 1.81 + 0.2 2.95 + 0.02 3.07 + 0.08 
\ 
OO TO 0.0 0.0 0.24 + 0.006 0.23 + 0.006 
ss 
O \ IO) 3.47 +0.15 0.79 + 0-01 0,26 + 9-007 9,29 + 9-01 
——< 
S 
is Kk ** ** kk 
@ v@ 1.42 +0.08 0.76 + 0.03 0.68 + 0.01 0.77 + 0.01 
at. 
846 + 0.7 339 + 0.01 O77) + Okt 240 +0.1 
Ghee ha 865 350 289 252 
(mole x 10 ) 
Material Balance 1022 96.3% 93.22 86.8% 
iSvecue eprouuce News WA 2.08 3.00 3.10 


20.0 £ HOVE — 10-04 10.8 


S040 + 70,0 


66.0 + TLE 


600.0 + ES 0 


{0.0 + 02.0 


+2 * 
[0.0 + v.0 


6.0 -£ ‘bbs 


£0.90 + BS.+ 
: 0,0 

80.0 422.8 
e00.0 + 05.0 


YOO 1D 38,0 


® 
10.0 +83, 


foe 08 


£00 + Se.€ 


0.0 
5.04 ra.t 
0.0 


10.0 4-25 .0 


"FOO + a0 


10.0 + RUE 
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TABLE I (continued) 


Reaction 5 6 
4 (mole x 10°) 239 139 52.6 


Products (mole x 10°) 


ONO 2.244 0.01* 1.234 0.02 0.37 + 0.01 


OO 3.78 + 0.01 3.78 + 0.02 2.83 + 0.01 


OO 
| @ 0.08 + 0.001 0.08 + 0.001 0.20 + 9-005 


OLVO@ P5924 0.03 3494 4.01030 e.88 40.01 
OLV@ 0.24 + 0.004 0.39 + 0.003 0,35 +.0.062 
COTO BGs e006 0.551 10002, qeogt ees 
O OS * KK Kk 
0.09 + 0.0008" 1.07 + 0.01. 1.26 + 0.03 


CeaO) 201 + 0.1 80.0 + 0.03 8.50 + 0.06 


(unreacted) 


+ 


Total products 


6 es 92 18 
(mole x 10 ) 
Material Balance 88% 68% 35% 
Desetsiproguct : 
[2.2.2. ]product 3.33 8. 86 6.55 


(cContinucd.s.ss) 


W.0+5EO MOORES LT A10.6 + O88 
mee chs $0.0 + BYE 8.0 + Ott 
00.0 hea fo0.0 + 80.0 00.6 40.0 
Wi0+ 68.5 0.0 + .€ ro.0 + $8.8 


SU0.0 4 2.0 0.0 496.0 400.0 £45.0 


0.0 4 $0.0 S000 422.0 300.0 + 88.0 
“io 4 det “ton + 50.1 “2000.0 + 0.0 


Wor 02.8 BOF 0.08 1.04 105 
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FOOTNOTES TO TABLE I 


Average deviation from the mean of three glpc analyses. 


In the calculation of the material balance,, these quantities 


have been doubled. 
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Se 


amount of products WiUED them 3. 2. 11 skeleton malian sein 
this form that the results are reported in Table I 
(Reactions 1 to 7). 

For the high-temperature decarbonylation study the 
oil bath temperature was raised to 120°. In all other 
respects, the conditions of reaction and analysis were 
the same as those above. The result is shown in Table 


II (Reaction 8). 


Decarbonylation of a Mixture of exo- and endo-2-Formyldi- 


benzobicyclo[3.2.1.]Joctadiene 


Since these aldehydes were not obtained in 
appreciable amounts completely free of their precursor 
dibenzobicyclo[3.2.1.]Joctadien-2-one, the impure sample 
was first analyzed by glpc to determine the relative 
amounts of each component in the mixture. Then weighed 
amounts of this mixture were placed in thick-walled 
Pyrex ampoules, followed by an aliquot of a standard 
solution of the initiator in chlorobenzene, and the same 
procedure was followed as was described sieve 8 The re- 
action mixtures were analyzed by glpc; because the 
substrate aldehydes did not undergo a retro-Diels Alder 
reaction on the column, it was possible to raise the 
temperature of the column and so analyze the mixtures 
on 4 ft x 0.25 in NPGS alone. The results. are given 
in Table III (Reactions 9 and 10). A typical chromato- 


gram is shown in Figure III. 
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TABLE II 
Reaction of /-Formyldibenzobicyclo[2.2.2.]octadiene ateuzOg 
Reaction 8 
4 (mole x 10°) 62.0 


Products (mole x 10°) 


OC TO 3.86 + 0.04 


saad Oe 0.85) we 


y 
© 


O27 3rd 0. 038 


CHO | ae cil 


Bee ye 
a 
=) 
> 
fop) 
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=) 
So 
i=) 
ae 
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Q 
ce 
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20.00 + 0.07 
(unreacted) 
Total products 
(mole x 10°) B0e 
Material Balance 49% 
bowen te) DEOGUCG 37.89 


b2ee ree | proauct 
(continvued.....) 


4300.0 + 96.0 
bO.0 + O8.E 
£0.04 09.0 
20-0 + atab 
— + EY..0 
£0.04 TE.0 

**S0ne0 4 blo 


To.0 + 00.05 | 


33% 


Footnotes to Table ITI 


Average deviation from the mean of three glpc analyses. 


** 
In the calculation of the material balance, this 


quantity has been doubled. 


TABLE III 
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Reaction of 2-Formyldibenzobicyclo[3.2.1.]loctadiene at 84° 
ee RY EON Seis POCEAOLENG Ra COS 


Reaction 


9 10 
5 (mole x 10°) 391 72.0 
Products (mole x 10°) 
0.0 0.0 
4.30 + 0.02 ZS a 0.04 
0.05 + 0.001 0.07 + 0.002 
0.39 22 0.007 Pe al, oe feo OB 
0.04 + 9.0001 Sash ce seer 
0203 400-0001 jm ee 002 
es + 0.07 0256 + 0.008 
* ** 
0.41 + 0.007 0.18 + 0.008 
3.44 + 0.01 25.4 + 0.3 
(unreacted) 
Total products 
(mole x 10°) 350 31 
Material Balance 90% “43% 


(continued: ... <) 
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FOOTNOTES TO TABLE IIT 


Average deviation from the mean of three glpc analyses. 


In the calculation of the material balance, these 


quantities have been doubled. 
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For the high-temperature decarbonylation study, the 
oil bath temperature was raised to 120°. In all other 
respects, the conditions of reaction and analysis were 
the same as those immediately above. The result of this 


analysis is shown in Table Iv (React one ll9s 


Identification of the Products of the Reactions 

The compounds corresponding to the peaks on the glpc 
chromatogram were individually collected by preparative 
glpc and were purified by reinjection and recollection. 
Their mass spectra, infrared spectra, and, where possible, 
their Fourier Transform Proton Magnetic Resonance spectra 
were obtained. These were compared with those of auth- 
entic eer ials: or, where this was not possible, with 
close analogues. Where authentic materials were avail- 
able, the glpc retention times were compared after the 
addition of these authentic materials to the collected 
products and with subsequent reanalysis by glpc. Two 
columns were used to compare the retention time of each 


compound in the reaction mixture. 


Thermal Stabilities of Starting Materials and Products 

It was necessary to determine the thermal stabil- 
ities of the starting aldehydes 4 and 5 and of the free- 
radical decomposition products, dibenzobicyclo[2.2.2]- 
octadiene,ll, and dibenzobicyclo[3.2.1.]Joctadiene,7. 


The two hydrocarbons andthe [3.2.1.] aldehyde 5 proved 
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TABLE IV 


Reaction of 2-Formyldibenzobicyclo[3.2.1.]octadiene eh gl Ae 
$e ein cobicyciois.2.1.joctadiene at 120° 
Reaction ll 


5 (mole x 10°) 2 er) 


a Re SS Daa a ye ol i ol Onn ee 
Products (mole x 10°) 


0.25 + 0.006 


O° 6825.0 200 ) 


0 5o4 0000 


0.24 + 9.001 


0.39) +0.004 


** 
On Je Oe 


4.83 + 0.03 
CHO 
(unreacted) 
Total products (mole x 10°) 8.8 
Material Balance 28% 


(SContinvicae....) 


“10.0 & 4055 
aan.8 = alah 
tabs * me 
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860.0 + 06.0 
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FOOTNOTES TO TABLE IV 


Average deviation from the mean of three glpc analyses. 


kk 


In the calculation of the material balance this quantity 


has been doubled. 
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to be stable thermally, and the two hydrocarbons were 
also stable to the reaction conditions. However, the 
[2.2.2.] aldehyde 4 underwent a retro-Diels Alder re- 
action to a certain extent, as evidenced by the produc- 
tion of anthracene during the analysis by glpc. It was 
found that the use of a glass column and a glass-lined 
detection system minimized this problem. Column tem- 
peratures were also critical; above 180°, the retro- 
Diels Alder reaction became significant, and at tempera- 
tures between 140° and 180° the reaction still occurred 
but at an appreciably lower level. Below 140° the column 
reaction was unobservable; however, the low temperature 
made elution times exceedingly long. Analysis of the 
reaction mixtures at this lower temperature showed that 
no anthracene was formed during the reaction and was 
Oniveanieartilect of thisVvanalysis. “Since only: /-Ttormyi— 
dibenzobicyclo[2.2.2.]Joctadiene, 4, gave anthracene 
on analysis, this amount of anthracene which formed was 
added to the amount of unreacted aldehyde 4 in Tables I 
and II. The [3.2.1.] aldehyde 5 did not undergo any 
decomposition during the analysis, and neither did the 
ketone 8. 

All the synthesized materials, with the exception 
of the carboxylic acid 21, were found to be stable to 


the reaction conditions and glpc analysis conditions. 
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The carboxylic acid 21, like the [2.2.2.] aldehyde 4, also 
underwent a retro-Diels Alder reaction under the condi- 
tions of analysis, but to a much lesser extent: ca. 1% 
with a column temperature of 150°. exo-4-tert-Butyldi- 
benzobicyclo[3.2.1.Joctadiene, 13, which was not syn- 
thesized, was collected by preparative glpc, and by re- 


injection was shown to be stable. 


DIscusstzon 


The decarbonylation of the isomeric aldehydes 7- 
formyldibenzobicyclo[2.2.2.Joctadiene, 4, and 2-formyl- 
dibenzobicyclo[3.2.1.]octadiene, 5, was undertaken to 
study the extent of radical rearrangement in these bicyclic 
systems and to gain some insight into the nature of the 
intermediate or intermediates involved in the reaction. 
Because the mode of generation was the peroxide-initiated 
decarbonylation of the aldehydes, various radical coupling 
products were found in the reaction mixture, along with 
the: expected dibenzobicyclo [2.2.2 ]octadiene, 11, (when 
the [2.2.2.] aldehyde was decarbonylated) and dibenzo- 
bicyclo[3.2.1.Joctadiene, 7. All but three minor products 
were identified positively and for these three, which 
comprised less than 5% of the total moles of product, the 
skeletal type was ascertained. 

Whilst most of the compounds isolated were previous- 
ly unknown, they were in all instances members of systems 
which have been extensively studied by nmr (28,29). The 
compounds with the dibenzobicyclo[2.2.2.]octadiene skele- 


ton were all substituted on the bridge at the 7-position. 
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Compounds with the dibenzobicyclo([3.2.1.]octadiene 
skeleton were all substituted at the benzylic position 
(at the position numbered as 2 or 4, depending upon the 
Prionity assigned to the substituent). 

\ Hb | ‘Hb 
» 

Ky OY 

i “4 X 


Ha 


Ine cnaracterictic aliphatic proton chemicaleshitts OL 
members of each of the ring systems are sufficiently dif- 
ferent to allow a distinction to be made between the two 
skeletal types. For example, the bridgehead proton 
Nearer the substituent (proton “a") and the bridgehead 
Procol 1Urthier from the substi Cuent (proton “Di nave 
characteristic chemical shifts which are different in 

the two ring systems. For a variety of compounds (X = 
=—OH CL; “NH, -OAc, ~SC H,) in the [2.2.2.1] system, 
proton asabsorbs in the region t 5.5 -© O.leand appears 
as a doublet coupled to the proton geminal to the sub- 
Stituent, 4, With a coupling constant, of the order 2-5 
Hz (29), whereas in the [3.2.1.] system, proton a usually 
absorbs in the region t 6.4 = 6.6 (X ="-OH, -Cl, —-OAc). 


Similarly, the other bridgehead proton, b, absorbs in 
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thesreqionyor t 5i7e— 5.9 in’ thee [2.2922]! systemm(Xe= —OH, 
=Cy, ~NH,, -OAc, ~SC CH.) , and appears as a triplet coupled 
to the two geminal bridge protons with a coupling constant 
iene mange? 5 as eH Zee met hey el | system, proton 
b absorbs in the region Tt 6.1 - 6.2 (X = -OH, -Cl, -OAc). 

Further, Cristol (28) has found that the coupling constant 
between the endo-benzylic proton (for exo substituted com- 
pounds) and proton a is 1.8 + 0.5 Hz for twelve examples, 

and the coupling constant between the exo-benzylic proton 

(for endo substituted compounds) and proton Quis a5 tO 
Hz for seven examples. 

Perhaps the least equivocal evidence as to the 
nature of the skeleton present in a particular product was 
given by mass spectroscopy. In the compounds studied 
whose structure was known, it was found that compounds 
with the dibenzobicyclo[2.2.2.Joctadiene structure had a 
very strong peak corresponding to m/e 178 (molecular 
weight of anthracene is 178). This presumably resulted 
from fragmentation by a retro-Diels Alder-type of process 
whereby the bridge and its substituent was lost. The peak 
corresponding to m/e 205 (molecular weight of dibenzo- 
bicyclo f2.2.2.jJoctadiene is 206) was usually small. In 
contrast, compounds of the [3.2.1.] system were not able 
to lose the bridge in the same manner and so gave a 
strong peak corresponding to m/e 205 or 204, but a weak 


peak at m/e 178. In Table V the ratios of the magnitudes, 
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TABLE V 


Ratios of Mass Spectra Intensities for Selected Dibenzo- 
bicyc lo p2 8292 Wand [3'. 2's). foctadienes 


[22252 S)""isoner m/e [3200-8] wWsomer m/e 
ie 7205 . 178/205 
7 CHO cia pay AE, cr mio NNR 
(\ \S 
os® 67 COTO 0.25 
| éx0 


oxo ° OO 


C(CH,) , wy ptCH) 
oe 83 OsV@ 0.50 
0-C(0H5) . C(CH,), 


OS 
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expressed as percentages of the base peak, of peaks of 
m/e 178 to 205 are given. It was felt reasonable to 
extrapolate these data to compounds whose structures 
were not known exactly but which were present in suf- 
ficient quantity to enable mass spectra to be obtained. 
One additional, though not a spectral, trend was 
noted. During gas-liquid partition chromatographic 
(glpc) analysis of the reaction products and of known 
compounds, it was found that under the conditions of 
analysis employed, and using neopentyl glycol succinate 
(NPGS) as the liquid phase, a compound of the dibenzo- 
bicyclo[2.2.2.]Joctadiene series was always eluted 
beroreri ts. (3225101) .1s0mer.. Thus, dibenzobievcloi2.2..2.1- 
octadiene came before dibenzobicyclo[3.2.1.]octadiene, 
7-tert-butyldibenzobicyclo[2.2.2.Joctadiene before 4- 
tert-butyldibenzobicyclo[3.2.1.]octadiene, 7-tert-but- 
oxydibenzobicyclo[2.2.2.]Joctadiene before either exo- 
or endo- 2-tert-butoxydibenzobicyclo[3.2.1.]octadiene, 
and 7-formyldibenzobicyclo[2.2.2.]Joctadiene before 2- 
formyldibenzobicyclo[3.2.1.]octadiene. Whilst it would 
have been incautious to use elution time as the sole 
criterion of isomeric structure, had a compound which 
had been assigned, say, the [3.2.1.] structure been 
eluted before its isomer of known [2.2.2.] structure, 


a cause for concern would have arisen. This never 


happened. 
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In the structure assignments of the products the 
spectral and glpc evidence was considered, along with 
elemental analyses where possible and comparison of spectra 
with those of authentic samples where available. When 
authentic compounds were not available, those of the 
isomer of the other skeletal series usually were, and the 
differences could be observed. The assignments of those 


compounds which were preivously unknown are given below. 


g-Methy Lavbenzobicycio[3V201.joetadiéene, e138" 


This compound has a mass spectral parent peak of 
220, consistent with the structure, and a ratio of m/e of 
P78; to 205 of 0.30, indicative of™the dibenzobiecvclo-— 
[3.2.1.] skeleton. Its glpc retention time was slightly 
longer than that of a synthesized sample of its isomer, 


7-methyldibenzobicyclo[2.2.2.]Joctadiene, 19. 


exo- and endo-4-tert-Butyldibenzobicyclo[3.2.1.]octa- 


dienes, 12 and 16. 

The exo-isomer 12 was shown to be a tert-butyl 
coupling product by microanalysis and the endo-isomer 
16 by mass measurement of the parent ion. When the 
physical and spectral properties of these compounds were 
compared to those of the adibenzobicvelol2. 2.e.), 250Ner 


20, which had been synthesized by an unambiguous pro- 


s1305ge ‘Yo nee ma ahieicy azeriw sonytens de a: 
neil oldetisve osailw sofgnee viznedtus 20 seeds daty 
alt Io sadrt «eidaliave Jon crew ebavogmes oltnedjys 

oft bose ,siow ‘ie deat sakaiet Istelote tedzo offs 20 tasoal 

euot? to atnamap lees sav .bevacedo od Bluos eeonsietilb 
woled nevip ens swominu yfauoviesq stew doifw abayoqmoo 


.ehebbesoo(.f.S. mi essa eet 8 


ee 


40 deed daexsg mavebéks 2apm cs eet bairogmon aid? 
to s\w Yo Gi4sit.c bas .auuysuase oid dtiw sientainimas aiead Ray 
~ofoysidornsdis ed Jo svitestinti .0€.0 to 208 of ot BTL 
yisidtuile esw smky aobtaste: oqlp ai! .cotefede [.1.$.8] 


aemoet a3 Yo alames bssieedsnye & Yo 3ed3 aed? a8pack 


-et eis tbstoc {.s.S. she eoeemenmenanicasianh 


-sinol, aks Ss. lols Ae 


iRiyiv8~tasd~S~obee has, ~oite 
2 Saw Sk ,sonstb 
iyodies AGA OF civats new oI seeesbk Seige ad? 
tomoz i-ofas edd Bas dleylsmsoxcim yd toyborq pnifquos 
od rise {aot fnetsq off Yo Inemordenem seem yd OL 
‘We doftieqorg Lerfooge bre Laoteydg 


oe FA 


nn 


orey abitvoqnon dans 
oo ccna sn 
og evorpiiinse na ye Boxieenidnye nosd bed dokdw 0S 


48. 


cedure, they were found to be different. Because there 
is no other alternative, these two compounds were assign- 
ecuther [3./2e16 listructuresihThetratiobofim/esl78, ton205 
of both 12 and 16 is less than unity whereas for the 
[2.2.2.] isomer 20 it is 83; these results support the 
[3.2.1.] skeleton assignment. The assignment of exo 
stereochemistry to isomer 12 is based upon nmr evidence. 


The coupling constant between endo-H, and He is small 


(J = 1 Hz) and is consistent with the dihedral angle of 
ca. 80° between these atoms. There is precedent for such 


an asSignment: J for exo-4-chlorodibenzobicyclo- 


[3.2.1.Joctadiene is 1.8 Hz (28) but for endo-4-chloro- 


dibenzobicyclo[3.2.1.Joctadiene J LS). 5. Om Zz bone ae 


AGS 
this assignment of exo stereochemistry is accepted, then 
the isomer 16, which was present in amounts too small to 


permit nmr analysis, must be, by elimination, the endo 


isomer. 


exo- and endo-2-tert-Butoxydibenzobicyclo[3.2.1.]octa- 


dienes, 14 and 15. 


In all, three tert-butoxy ethers were synthesized: 
the two isomeric [3.2.1.],ethers 14 and 15, and, the 
[2 2e 2.4 sethere 18; «Sinces three,different compounds were 
obtained when the corresponding alcohols were allowed to 
react with isobutylene, as was shown by their different 


melting points and nmr spectra, it would appear that there 
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was no change of stereochemistry during the syntheses and 
that each of the alcohols gave the corresponding ether. 
However, there is the possibility, albeit remote, that re- 
arrangement through a carbonium ion could have taken place 
in one or more of the syntheses. Consequently, the 
skeletal type and stereochemistry of the three synthetic 
ethers had to be established. 

All three compounds were shown by either microanaly- 
sis or parent peak mass measurement to have the requisite 
molecular formula. The presumed [2.2.2.] ether showed a 
ratio of m/e 178 to 205 of 29 which supports the assigned 
stereochemistry; the two presumed [3.2.1.] ethers both 
DadedeCatiovO, ~less chan utaty. 

Nmr analysis served to confirm the assignments. The 
spectrum (CDC1,) of the presumed [2.2.2.] ether 18 was 
similar to thatof 7-phenylthiodibenzobicyclo[2.2.2.]- 
octadiene (28) especially in regard to the magnitude of 
the coupling constants, some of which are (value for 
ether 18 first, followed by value for phenylthio compound) : 
2 tO ye «Ocak =13..25, 


aie ra 6 re ieee trans-7,8 


= 12.5, 12.6 


v7 
AO J 


4,cis-8 


7,cis-8 Tecbuveis Jois-8,trans-8 


Hz. The spectra of the presumed exo-ether 14 and endo- 
ether 15 were very similar to one another, but with one 
important difference which allowed the assignment of 

exo and endo stereochemistry to be made: for the presumed 


exo isomer, J) ongo-2 = 2.2,02, and cor thespresumed 
feat 
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such differences inmagnitudes for a large number of such 
exo and endo compounds. 

Only two tert-butyl ethers were actually found during 
the analysis of the products of the decarbonylation re- 
actions, and a comparison of their properties with those 
of the three synthesized ethers showed that the two re- 
action products were the exo and endo, isomers, and. that 


the [2.2.2.] isomer was not produced. 


bre 4—(pibenzobicyclo|3.2.). Joctadiene),17. 


This dimer was not characterized fully. Mass spect- 
ral analysis gave a molecular ion at m/e 410. The ratio 
of m/e 178 to 205 was 0.10. A mass measurement was per- 
formed and the mass obtained (410.2036) agreed with that 
calculated (410.2035). Insufficient material was avail- 
able to permit either an ir or nmr spectrum to be taken. 
The structural assignment of this compound must remain 
somewhat speculative. 

It has been shown that 7-formyldibenzobicyclo- 
[2.2.2.Joctadiene, 4, yields dibenzopicyclol 2]. 2.25) Ccea. 
diene and dibenzobicyclo[3.2.1.Joctadiene only in the 
presence of a free-radical initiator. Further, when 
these hydrocarbons were heated in the presence of 
initiator, no reaction took place, indicating that the 


two hydrocarbons are thermally stable, even in the 
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presence of initiator, under the conditions employed in 
the decarbonylation studies. Thus the formation of the 
isomeric hydrocarbons is a result of the free-radical 
decarbonylation of aldehyde 4 and they undergo no sec- 
ondary reactions after their formation. 

Having established that rearrangement did occur in 
this system, it was necessary to determine the nature of 
the intermediate involved in the rearrangement process. 
At least two different modes of radical rearrangement 
can be posited to explain the formation of the hydro- 
carbons ll and 7 upon decarbonylation of aldehyde 4. 
(See Scheme III). 

Both of these processes are intramolecular ones. 
They differ from one another in that Mode A contains an 
intermediate or energy minimum which is non-classical 
in type, whereas Mode B contains a transition state or 
energy maximum along the reaction path by which radical 
m rearranges to radical n. 

There is much evidence in the literature that the 
neophyl rearrangement proceeds through two discrete 
radicals. (See pp.5to7 of this thesis for a discussion 
of the arguments onthis point). Usually it is assumed 
that the two radicals are the non-classical unrearranged 
and rearranged ones, although the non-classical radical 
could be one of the two radicals involved. However, if 


a bridged radical is formed, then the work of Ruechardt 
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(16), Kochi (14) and Fischer (17) indicates that it is 
present only as a short-lived intermediate or as a 
transition state. 

It should be possible to distinguish between the two 
postulated modes of reaction by carrying out the decar- 
bonylation at differing initial concentrations of the 
aldehyde 4. This is the technique pioneered by Winstein 
and Seubold (7a) and has been used successfully by Tanner 
and Law (39). If Mode A is operating, the non-classical 
radical which is formed will represent an energy minimum 
along the path and will therefore be subjected to transfer 


at C. and C, to the same relative extent regardless of 


b 
the concentration of the hydrogen atom donor (aldehyde 4). 
Pius "bie -rario Of di benzobrcyololz ee. 2. ).0Ccau rene, span 
dibenzobicyclo {372. 1. ]}octadirene, 7, should “remain™constant. 
In view of the formation of the coupling products in the 
reaction, this statement should be amplified to include 
attack by radicals produced from the initiator as well 

as by hydrogen transfer with radical 1. In contrast, 
Mode B requires a competition between hydrogen abstrac- 
tion by radical m and rearrangement of this radical to 
radical n. Thus, by slowing the rate of chain transfer 
by reducing the concentration of the aldehyde hydrogen 
donor, it should be possible to increase the ratio of 
rearranged product to unrearranged. 


As seen in Table I, both the ratios of dibenzobi- 
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cyclo[3.2.1.]Joctadiene to dibenzobicyclo[2.2.2.]octadiene, 
and of products with the [3.2.1.] skeleton to products 
with the [2.2.2.] skeleton do depend on the initial con- 
centration of 7-formyldibenzobicyclo[2.2.2.]Joctadiene. 

A plot of initial concentrations of aldehyde 4 against the 
ratios of rearranged products to unrearranged products is 
shown in Figure IV. The lower the aldehyde concentration, 
the greater is the extent of rearrangement. Thus, Mode A 
cannot be operating inthis reaction. 

When 2-formyldibenzobicyclo[3.2.1.]Joctadiene,5,is 
decarbonylated under the same conditions as was 7-formyl- 
dibenzobicyclo[2.2.2.Joctadiene,4, no rearrangement pro- 
ducts are found (Table III). Perhaps this result is not 
too surprising, since rearrangement in this case would 
involve conversion of a secondary benzylic radical to a 
secondary aliphatic one. Slaugh (11) has shown that when 
the stability of the rearranged and unrearranged radicals 
is the same, then the extent of rearrangement is governed 
by the length of time available to the unrearranged radi- 
cal before it disappears by transfer. In a situation 
where the rearranged radical is much more stable than 
the unrearranged one, it would be expected that the re- 
arranged radical, once formed, would not return to the 
unrearranged form. It has been shown (7d,12) that the 
extent of rearrangement upon decarbonylation of alde- 


hydes decreases on addition of a hydrogen donor, such as 
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benzyl mercaptan or thiophenol. These results are in 
accord with those of the present study, where the hydrogen 
donor is the aldehyde itself, and it would appear, other 
erangs beang equal; that the rearranged (302. leradical 
n has a longer lifetime than the unrearranged [2.2.2.] 
radical m because of the nature of the coupling products 
found in the reaction mixture. The fact that all such 
products contain the [3.2.1.] skeleton, despite the more 
sterically hindered environment for the coupling radical, 
Tnaicates that.the [3.2.1.] radical. is the one, with the 
longer lifetime, but yet shows no proclivity towards re- 
arrangement. 

There is the possibility that the reluctance of the 
fo.2.. | Traadicaz-cto interconvert tothe’ [2.22.7 ]eradical 
is due to a High energy of activation for the process. 
When the decarbonylation of 2-formyldibenzobicyclo[3.2.1.]- 
octadiene,5,was performed at 120° instead of 84°, there 
was no dibenzobicyclo[2.2.2.]octadiene formed, nor were 
any of the attendant coupling products of that series. 
When 7-formyldibenzobicyclo[2.2.2.Joctadiene, 4, was 
similarly decarbonylated at this higher temperature under 
optimum conditions for rearrangement (i.e. at low con- 
centration), there was no increase in the amount of di- 
benzobicyclo[2.2.2.Joctadiene produced; however, it must 
be pointed out that the material balance under these con- 


ditions was poor. It would appear that the [3.2.1.] 
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radical does not return to the [2.2.2.] radical because 
of its much greater stability. This stability can be 
attributed to its benzylic structure. 

The results of this study should be contrasted with 
those of the study of Jarvis et al. (24,25)... These 
workers found that the reduction of 7,7,8,8-tetrachloro- 
dibenzobicyclo[2.2.2.]octadiene, 23, by pont Meech Gent 8 oh en il Ves ig) 
hydride gave both 7,7,8-trichlorodibenzobicyclo[2.2.2.]- 
octadiene, 24, and the product of rearrangement 1,8,8-tri- 
chlorodibenzobicyclo[3.2.1.]octadiene, 25. Under ‘dilute' 
conditions (0.00145 mole 23, 80 ml benzene, 0.00142 mole 
tri-n-butyl tin hydride) an nmr spectrum of the reaction 
mixture showed unrearranged trichloride 24 (32%), re- 
erranged trichloride 25.423) 7, 7, 8-trans—-dichiorodibenzo-— 
bicyclo[2.2.2.Joctadiene (15%) and unreacted starting 
material (10%). There was also a trace of 7,8-dichloro- 
agabenzobicyclo[2.2.2.Joctatriene product. (ca. 1%). Under 
‘concentrated' conditions (0.00145 mole 23, 30 ml benzene, 
0.0023 mole tri-n-butyl tin hydride) an nmr spectrum 
revealed no rearranged trichloride 25 but there was pre- 
sent unrearranged trichloride 24 (80%) and 7,8-trans- 
dichlorodibenzobicyclo[2.2.2.Joctadiene (20%). When 
7,7,8,-trichlorodibenzobicyclo[2.2.2.]octadiene was re- 
acted with tri-n-butyl tin hydride under these condi- 
tions, no rearranged product was formed, even at high 


dilution. Jarvis ascribes the rearrangement of radical 
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q to steric inhibition to chain transfer caused by the 
presence of two 8-chlorine atoms, whereas with radical Le 
there is only one 8-chlorine present. This would appear 
to be a situation where the lifetime of the radical is 
important and it would be interesting to study whether 
the [3.2.1.] radical s, initially generated, would re- 
arrange to the [2.2.2:] radical, since the’ pronounced 


Cl 


Seeric cCrowaing.or the 13.2.1.) radical, wouldsensuresi£ 
a long lifetime. 

These workers also found rearrangement product when 
Olefins 1, 2, and 3 were allowed to react with carbon 
tetrahalides (25). They noted that the tendency towards 
rearrangement in these reactions increases with a) in- 
creasing temperature, b) decreasing concentration of 
chain-transfer reagent (C1,CS0,C1 GG C1,CBr), Caan 
changing from c1,CBr to c1,CS0,C1 and dad) on changing from 
olefing 1 to the vinyl halides 2 and 3. The first two 
trends have been noted in this present study and the 


other two can be rationalized on the basis that the 
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changes involved increase the lifetime of radical k. Thus, 


the positioning of a halide atom 8 to the radical center 


should stabilize the radical and further, should steric- 


ally hinder chain transfer. Jarvis suggests that 
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C1,CSO0,C1 is not as good a chain transfer agent as is 
C1,CBr and so this explains the third tendency above. 
Jarvis also found that the rearranged radicals were 
formed reversibly because the product from i gained more 
than that from j when a) the temperature was raised, b) 
the concentration of chain-transfer agent was lowered, c) 


the chain-transfer reagent was changed from C1,CBr to 


C1,CS0,C1 and dad) the vinyl halides were the substrates. 
Thegradicalgjegives only) endowsubsti tutionswhereaspradical 
dae tends, to.give'exo product..,iIn.the,case, of, radical jy 
Phe more ,tavoured, exosattack asablocked by the substitu- 
ent at C-8 and so it has a longer lifetime than if the 
substituents were not there. It then rearranges to the 
[222.21 radicabek which in) turn rearranges to the anti— 
S=substituted radical i. Because the substituent is, now 
not blocking exo attack, this radical transfers more 
readily and so the concentration of the resultant product 
increases. No such effect was observed in the course of 
this present study. It would appear that although the 
dibenzobicyclo[3.2.1.Joctadienyl radical has a longer 
lifetime compared to its [2.2.2.] counterpart, it does not 
rearrange. Presumably, the reason for this result can 

be given as being due to the greater stability of the 
benzylic (3.2.1. )] radical over thesatky! [2.2.2] radi- 


cal and that coupling, almost exclusively from exo attack, 


Se a ee rae 2 ada As 
- ' 


ai 26 duspe Wiens ntorlo 6 Boop eo ton eb f 
seeds yonsbmes peide ot paislaxe a2 om | 
vay afesiber bopnewiier ent sev beuo? obits 
cron bawknp t ni6x2 soubor of9 seisved yldtesever 
id «bowie. ssw Suutavegmed ont (s nodw { mox? dada cade 7 


a f 
: 7 
(o .botewol! saw shops teteastt-niers Jo cocsesznasnon st | 


of 189,19 mor? Bepnsdo eaw 2sesex coseness-made ‘Od _ 
ne) 
7 


.cotmadus sit stew eshiteri byaiv eds (® 6aa 9, 5.£D- a 
Isoibsx esoxedw noisutisedse obne Ylao esvip £ Teoibex oo 


.{ Iavibes 30 cen0 edz nl .geebexqg one evip of ebasd £ 
ee 

-uditeade sit yd bodoold bi tosses ox bewove? stom edd. 
: —_ 


silo 2k obdd Satestkl aepnol s sei Gi of bas 8-D 2n-dae 
si] ot aepisutser ned ii .stait? sor susw atmeutizedse ~ 
7 a 


~istihs sift. oF sapnsaisss nist a) aucdw A Isotbst [.£.8.8] 


won et tmevtitedue sia sepened .1 lsoibexr betutitedgve+®™ 


= 

stom eteleanst? [svifay aids .*vetts exes paticold ton 
ee 

sooborg josdiiesz sad lo potdsasmacne> att oe bas —— 


is eezwo6S Sit nt fevisado 26u Joslie nove aM .26 to 
sit pfpucidis taeda weegqqe Clucw 2 .yvbuge santas 
tspnol 4 ded taviten fynetbstoo!.1.c. tletoyoidosn | 


ton 2506 Fi ,tt6qretnvoo [.£.£.5] arti oF bexsqmon onset . 
aso dives: ais x02 noeses ofd .yidomueset ot sor 
7 


TTB: 
oes 


ot Qo yilitiere xefse1p ont of sub pried 20 ae ite 8e | 
7 


stbst 1-S/5.£] iy#is ert revo Isotber (. £.5.£] } enya xd 
oaeianiaahunemans taonts ees bas Iso 


| ihe 
wee | = | aa - 


61. 


takes place before the radical has a chance to return to 
the” [2222 elesystemapsAlternatively, it 1s possible! that 
the results of Jarvis arise from the presence of two o 
radicals, as was discussed in the introduction, in which 
oe there would be no need to invoke a rearrangement of 
agi3ea2zabell radicalkitouaal2 4242.) ~wadical -andshence-the.re-— 
sults of this study and that of Jarvis would be in accord. 
However, the [3.2.1.] radical may indeed rearrange to the 
[2.2.2.] radical in Jarvis's system, because the stability 
of the a-bromo-[2.2.2.] radical may be closer in stabil- 
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ae MATERIALS AND REAGENTS 

Solvents. Dichloromethane was washed with concent- 
rated sulfuric acid, saturated sodium chloride solution 
and water, dried over calcium chloride and distilled. It 
was stored over molecular sieve, 4A. Dioxane was passed 
through a chromatography column (80 g of activated alum- 
ina for 100 ml of dioxane) to remove peroxides, and was 
then purified according to the method of Fieser (40). 
Diethylene glycol dimethyl ether (diglyme) was obtained 
from Matheson Coleman and Bell Co. Ltd. and was heated 
to reflux over sodium metal for several hours and then 
distilled from the sodium. fTetrahydrofuran (THF) was 
distilled from lithium aluminum hydride and used immedi- 
ately. Dimethylsulfoxide (DMSO) was stored over calcium 
hydride and was distilled from the storage flask as re- 
quired. Chlorobenzene was washed with concentrated sul- 
furic acid and then water, dried over anhydrous sodium 


sulfate, then distilled from sodium. 


Reagents. Blue-violet fluorescent anthracene was 
obtained from Aldrich Chemical Company and was used with- 
out further purification. Biphenyl was recrystallized 
from carbon tetrachloride and n-pentane; it melted at 
70-71° and was shown to be pure by glpc analysis. Boron 


trifluoride etherate was obtained from Eastman Kodak Co. 
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and was distilled prior to use. Acrolein was obtained 
from Terochem Laboratories Ltd. and was distilled into a 
flask containing a trace of hydroquinone. 3,3-Dimethyl- 
butene was obtained from Aldrich Chemical Co. and was 
distilled before use. Chromium trioxide was stored over 
phosphorus pentoxide in a vacuum desiccator for at least 
twenty-four hours before use. Pyridine was distilled from 
barium oxide and was stored over molecular sieve, 4A. 
tert-Butanol was distilled from ‘sodium.s Ethyl’ -chloro- 
acetate was distilled using a Vigreux column; after a con- 
Siderable forerun of low-boiling contaminants, the pure 
compound was collected at 142° (714 Torr). n-Butyl lith- 
ium was supplied by Foote Chemicals as a solution (1.5 M 
in n-hexane). 
trans-7,8-Dichlorodibenzobicyclo[2.2.2.]octadiene 
was made by the reaction of anthracene and trans-1,2-di- 
chloroethylene according to the method of Cristol (30). 
Physical properties (30) and spectra (29) were identical 
to those reported. Hinenednvey cla | oproe oce e-ene 1, 
was prepared by the method of Cristol (27). The physical 
properties (27) and nmr spectrum (29) were identical to 
those reported. syn-8-Iododibenzobicyclo[3.2.1.]octa- 
dien-2-yl acetate was made by the method of Cristol (27) 
as modified by Lutzer (38) using the Prevost reaction 
of silver acetate on dibenzobicyclo[2.2.2.]octatriene, l. 


Physical properties and nmr spectra were identical to 
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those reported (38). Dibenzobicyclo[3.2.1.]octadien-2-yl 
acetate, 27, was prepared by the Raney nickel and hydro- 
gen reduction of syn-8-iododibenzobicyclo[3.2.1.]octadien- 
a-yl acetate according to the procedure of Lutzer (38) . 
Physical properties and nmr spectrum were identical to 
those reported (38). The acetate 27 was reduced with 
lithium aluminium hydride according to the method of 
Cristol (41). The spectral properties of the mixture of 
exo- and enco-dibenzobicyeiol(3.2.1.)octadien-2-ols, 2e, 
were identical to those reported (28). Dibenzobicyclo- 
[2.2.2.Joctadiene, 11, was made by the reduction of di- 
benzobicyclo[2.2.2.joctatriene, 1, using hydrogen at one 
atmosphere with a platinum oxide catalyst, following the 
method of Cristol and Hause (30). Its physical proper- 
ties (30) and nmr spectrum (29) were identical to those 
reported. Trimethylsulfonium iodide was made by the re- 
action of methyl iodide and dimethylsulfide according 


to the method of Corey and Chaykovsky (33). 


II. PREPARATION OF SUBSTRATES AND AUTHENTIC SAMPLES 
i-Formyldibenzobicyclo[2.2.2. Joctadiene, 477 — The 
aldehyde was prepared after the manner of Murahashi et 
al. (26). In each of a series of Carius tubes was 
placed anthracene (10 g, 0.0575 mole), distilled acro- 


tein (4 ml). 3.30 9, 0.00 mole) and benzene s(L57ml) ihe 
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tubes were sealed and then heated at 140° for 12 hours. 
The reactionmixtures from four such tubes were concent- 
rated by rotary evaporation and the residual syrup was 
dissolved in methanol (250 ml). The unreacted anthracene 
was removed by filtration. An equal volume of ice-cold 
water was added slowly and with shaking to the methanolic 
solution. When a solid began to appear, the mixture was 
left to stand overnight at 0°. The solid was filtered off 
and the cake of crude aldehyde monohydrate was dried in 
the vacuum oven at 50° overnight. The residue was dis- 
solved in carbon tetrachloride and boiled with activated 
carbon. The solution was filtered and the solvent was 
removed by rotary evaporation. The aldehyde was re- 
crystallized several times from carbon tetrachloride and 
60 -— 90° ligroine to yield 16.3°g° (0.70 mole, 30.2%): 

mp 95 - 96° (lit. 95° (26)); ix (CCl,) cm: 3025 m, 
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the procedure of Vogel (42) to yield white crystals: mp 


19975 = 200°% 
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Dibenzobicyclo[3.2.1.]octadien-2-one, Oy; ae Theemetnog 
of oxidation of the alcohols 28 which was chosen was that 
of chromium trioxide and pyridine in dichloromethane, 
using a procedure modified from that of Ratcliffe and 
Rodehorst (43). Chromium trioxide (6.0 g, 0.06 mole) was 
added to a magnetically stirred solution of pyridine 
(9.49 g, 0.12 mole) in dichloromethane (150 ml) contained 
in a 500-ml flask. The flask was stoppered with a drying 
tube and the initially yellow, then plum red, solution 
was stirred for 15 minutes at room temperature. Then a 
Solution OL (the alcohol (28) (2.2275q,. 0.01 mole), sdussolved 
in a small volume of dichloromethane, was added to the 
oxidation medium in one portion. A tarry, black deposit 
separated immediately. After being stirred for an 
additional 15 minutes at room temperature, the solution 
was decanted from the residue and the residue was washed 
with ether (200 ml). The organic solutions were combined 
and washed with 5% aqueous sodium hydroxide (3 x 100 ml), 
5% hydrochloric acid (100 ml), 5% aqueous sodium bicar- 
bonate (100 ml) and saturated sodium chloride solution 


(100 ml). The organic layer was dried over anhydrous 
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sodium sulfate. After filtration of the drying agent, 
the solvents were removed by rotary evaporation to yield 
the crude ketone. This material was dissolved in the 
minimum amount of 50:50/Skelly B:carbon tetrachloride 
and placed on a chromatography column (acid-washed alum- 
ina, 10 g). Elution with 75:25/carbon tetrachloride: 
chloroform gave the ketone. Some residual alcohol was 
eluted with neat chloroform. The ketone fractions were 
combined and the solvents removed by rotary evaporation 
to yield 1.95 g (0.0075 mole, 75%). The ketone was re- 
crystallized twice from 98% ethanol to give white needles: 
MpeLOG = 07> (lat. 11S? (27). Theanmr spec trumawas 
identical to that reported (28); the infrared spectrum 


showed a strong absorption at 1700 cm >. 


2—-Formyldibenzobicyclo[3.2.1.]octadiene, 5, by the 
Darzens Glycidic Ester Condensation - The method of 
Hunt, Chinn and Johnson was modified (44). Clean potas- 
sium (0.18 g, 0.0046 mole) was allowed to react with 
dry tert-butanol (3.7 ml). The condensation was con- 
ducted in a 50-ml round-bottomed three-necked flask con- 
taining a magnetic stirring bar and to which was fitted 
a thermometer and a pressure-equalizing dropping funnel. 
The top of the funnel was connected to a system for ex- 
hausting and filling with nitrogen. The whole apparatus 


was dried and then was added to the flask ethyl chloro- 
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acetate (0.5 ml, 0.558 g, 0.0046 mole), dibenzobicyclo- 
[3.2.1.]octadien-2-one, 8 (1 g, 0.0046 mole) and enough 
tert-butanol to effect solution (ca. 6 ml). To avoid the 
solidification of the alcohol solvent, a co-solvent of 
carbon tetrachloride was added (6 ml). The solution of 
potassium tert-butoxide (0.0046 mole) in tert-butanol was 
introduced to the dropping funnel and the system was 
flushed with nitrogen three times. The flask was cooled 
in ansice-bath,~ stirring wasestanted,~ anduthe .solutionsof 
tert-butoxide was added so as to keep the temperature 
between 10 - 15°. The addition took 10 minutes. The mix- 
tore was stirred tor a further houm atl oo tem Bucanol 
was removed by rotary evaporation and the residue, a 
brown oil, was dissolved in ether. The ether solution 
-Was washed with water, saturated sodium chloride solution 
and then dried over anhydrous sodium sulfate. After the 
filtration of the drying agent, the solvent was removed 

by rotary evaporation to leave a pale yellow oil (1.19). 
The crude glycidic ester was used in the subsequent stage. 
gis (CCl ,) ee 1700 s, unreacted ketone, 1200 m, epoxide 
ring breathing. 

The ester was hydrolyzed and decarboxylated accord- 
ing to a modified method of Allen and VanAllan (45). The 
crude 1'-oxaspiro[2.6.]-2-dibenzobicyclo[3.2.1.]octa- 
diene-2'-carboxylic acid, ethyl ester was added to a 50 


ml round-bottomed flask fitted with a reflux condenser 
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and containing sodium (0.10 g, 0.0043 mole) in ethanol 

(2 ml). Water (0.15 ml) was added, whereupon the sodium 
salt precipitated as a brown solid. The mixture was 
allowed to stand overnight and the brown precipitate was 
filtered and then triturated with carbon tetrachloride. 
The slurry was filtered and washed with ethanol (2 ml) and 
carbon tetrachloride (6 ml): The solid was dried under 
reduced pressure at 60° for twelve hours. 

In a 100-ml round-bottomed flask fitted with a re- 
flux condenser were mixed water (4 ml) and concentrated 
hydrochloric acid (0.7 ml), and to this solution was 
added the powdered, dried salt. The mixture started to 
froth, showing the evolution of carbon dioxide. The 
flask was heated on a steam bath for 1.5 hours whereupon 
the aldehyde formed an oil on the surface of the acid. 
The flask was cooled and its contents extracted with 
benzene (20 ml). The extract was washed with water and 
dried over anhydrous sodium sulfate. After filtration 
of the drying agent, the solvent was removed by rotary 
evaporation to yield an oil (0.185 g). ‘The infrared 
spectrum of this oil showed carbonyl absorptions at 
i720 cm + and 1700 om™* indicating the presence of both 
aldehyde and unreacted ketone. There was also present 
an aldehyde C-H stretch absorption at 2715 cm |, Glpc 
analysis of the o11 (4 ft x 0.25 in NPGS), showed that 


the ratio of aldehyde to ketone was 60/40, and so the 
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yield of aldehyde was 0.105 g (10%). 

In an attempt to improve the yield of aldehyde, sod- 
ium ethoxide in ethanol was used as the base. The pro- 
cedure was the same as has been described above. Ethyl 
chloroacetate was used inexcess as the co-solvent. In 
the flask were placed ethyl chloroacetate (5 ml, 5.58 g, 
0.046 mole), ketone 8 (1.8 g, 0.008 mole) and ethanol 
(3 ml). To this was added the product of the reaction of 
sodium (0.3 g, 0.013 mole) and ethanol (3 ml). The sub- 
sequent hydrolysis and decarboxylation were repeated as 
described above. There was no aldehyde produced; the 
ketone was recovered (1.6 g, 0.0072 mole). The Darzens 
condensation was repeated using once again potassium 
tert-butoxide in tert-butanol asc the sbase svcten sbutsat 


a higher temperature (28°). No aldehyde was produced. 


2-Formyldibenzobicyclo[3.2.1.Joctadiene, 5, by 
Reaction with Dimethylsulfoniummethylide - The method 
of Corey and Chaykovsky (33) was extensively modified to 
yield 1'-oxaspiro[2.6.]-2-dibenzobicyclo[3.2.1.]octa- 
diene and the epoxide was then opened to give the required 
aldehyde. The apparatus consisted of a 300-ml three- 
necked flask fitted with a nitrogen inlet and a drying 
tube. The center neck was fitted with a jacketed pres- 
sure-equalizing dropping funnel which had the normal neck 


and also a further port alongside the usual one. This 
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port was covered with a serum stopper and a mechanical 
stirrer was fitted to the neck through an air-tight 
sleeve. The jacket was filled with carbon tetrachloride 
and kept at a temperature of -5° by the judicious addi- 
tion of Dry Ice. The dropping funnel was charged with 

a solution of trimethylsulfonium iodide (2.53 g, 0.012 
mole) in dry dimethylsulfoxide (DMSO) (55 ml) and dry 
tetrahydrofuran (THF) (45 ml). In the reaction flask 
was placed a magnetic stirring bar and a solution of 
dibenzobicyclo[3.2.1.Joctadien-2-one (1.76 g, 0.008 
mole) in dry THF (50 ml) and the flask was kept at -25° 
with Dry Ice and carbon tetrachloride. The whole system 
was then alternately evacuated and filled with dry nitro- 
gen three times;- Using a pre-cooled syringe, n-butyl 
dithium, (850° ml of 1.5 M solution ian hexane, 0.012 mole) 
was added tothe dropping funnel over a period of twenty 
minutes with constant stirring. The ylide was then 
added with continued mechanical stirring to the solution 
of the ketone which was magnetically stirred. The 
addition took 1 hour. The reaction mixture was stirred 
for an additional 15 minutes at -25° and was then 
allowed to warm to room temperature with the stirring 
being continued. The reaction was quenched by the 
addition of water (200 ml) and was extracted with 

ether (2 x 100 ml). The organic layer was washed with 


water (10 x) to remove THF and DMSO and was dried with 


sass he lc on a aad 
jigiy-ate ee Mipeornds obs aula aa bess daw! ie 
speotitoests) noaies iw bene aw toieee Sot” Veveati = 
_ibbe evotothak ia yd °2= 20 eiiteneqnst = Je tqeu bad 
dsiw bepied> ese Tenn? eitggoth str «sot ysd to noid i 
ta.0 .o £2.5) sbibot malactivetyitenbxs to nitaiied Sa: 
yxb bas (im #8) {O8mMa) spixetioelytremls vib at (otom 
genni? nordsset sat al «Cm oh) Cie ae uorbyistIet a 
¥o pobiufdee s Baeexsd pahtarite oivedena & heosigq a6w 7 
wno.d ,o @f,2) ére~S-ne thatsol i. t.clofeysidesmed&sS 
*2e- 25 ‘hyped enw Jesi® aft late (Lor 08) SAT YSb a2 (stom 


gigteve sfaitw afl? <ehisdidscvsio? tause> Sas Sb qa div 


-ottia web tiw Beli bap betevosve yletanteti« aod esw ae 


fy tide Opry tefiab-eta & piinl gent? sony asp 
(eatioor Ci0.d . stewed ab nolsiilne k 2.L Yo Im 0.8) makati 
vinew? io bobteq 6 1eve loaaw> priqgerh edd od bebbs nial. 
asi? 2syv sbliv ad!  .eniuaite teateanco dtiw eaten ~ =: 
cottwion wit of pikxikde dpoivadbem bevatines die bebbe 
sui! shotuide qitestvsnpem ssw doin sanied ad he. . 
beziise saw saudMin soitoset ect =. wed £ does nOl326bs 
nedd 28 Ban *#S- 36 estunin 21 lenoisibhe #6 z0t i 
paisiive ofig ddtw, vusteroqnes oct oF meme of BawaLiR © 
ot Ya sitonaup abw fioidoues eaY  -beoatsnas pated. 


bee eon tadaw 20. 
ree 


72. 


anhydrous sodium sulfate. After filtration of the drying 
agent, the solvents were removed by rotary evaporation 
eOsyvLeldeansoils (2.0590) +215 (CCl,) cmt: 1700 (unreacted 
ketone), 1255 (epoxide (46)). 

The crude material was used in the next stage with- 
out further purification, as previous work had shown that 
the epoxide was prone to ring opening to give an alcohol. 
The residual oil was dissolved in ether (60 ml) and to 
this solution was added, with stirring, boron trifluoride 
etherate (10 ml, 11.58 g, 0.084 mole). The flask was 
fitted with a drying tube and the mixture was stirred at 
room temperature for 30 minutes. Water was added with 
caution to destroy the residual etherate. In a separa- 
tory funnel the water was removed. To the organic layer 
was added aqueous saturated sodium bicarbonate until all 
effervescence ceased. The organic layer was dried over- 
night over anhydrous sodium sulfate. After filtration 
of the drying agent, the solvent was removed by rotary 
evaporation to yield an oil (2.0 g). Separation of the 
aldehydes fromunreacted ketone was partially achieved 
by the dry-column technique (see below). Spectral 
analysis was performed on a sample collected by glpc 
(2 £t x 0.25 in NPGS) which was free of ketone. 8. 
hs (CCl,) cm ?; 3080,m,,.3015.m,..2950 s, 288Dem, 2710 .w, 
l7250S, 1485.0, .14700m, 14550m,21170 353 nmr (CDC13) 
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HZ), 2.80 - 3.20 (multiplet, 8H, aromatic), 6.09 (multi- 
plet, 1H, H,), 6.21 (multiplet, 1H, Ho), 6e52n (multiplet, 
1H, H,), 1-50 (mu tip ler a alie anti-H), 7-88ai(multiplet, 
1H, Syn-H,) i other isomer: fT 0.68 (doublet, 1H, -CHO, 
YcHo,H, = 3.0 .Hz)., 2.80.-.3.20. (multiplet ,_8HAp aromatic); 
C209 S(mol ci nlet 1h, Hj) 6.21 (mulitinlet salu He), 6.62 
malt let elite Hy), 250.4 (muletei plet eel? anti-H,), i288 
iMG Crip let lH, syn-H,); mass.spectrum,(150°, .E<L.)): m/e 
(relative ,intensity « >.20%)i2 5234 (M,2/).-4206 (30) 7#205 
OOO e204 23) 2 0 Seat 27 iy eS ae alee) be 

Mass Measurement: Calcd for C,H, ,O: 234.1045. Found: 
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The semicarbazone derivative was made according to the 
procedure of Vogel (42) and was recrystallized twice 
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Chromatographic Separation of 2-Formyldibenzobi- 


cyclo[3.2.1.Joctadiene and Dibenzobicyclo[3.2.1.]Jocta- 
diene-2-one - 

(a) The most successful column technique proved 
to be one where a nylon column was used; aldehyde and 
ketone mixture (2.1 g) was dissolved in dichloromethane 
(10 ml) and placed on a silica gel column (Woelm 


Silica for Dry Columns, 50 g, treated with an electronic 
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Phosphor). Thecolumn was developed with dichloromethane 
until the solvent front reached the base of the column. 
The bands of aldehyde and ketone were observed under 
ultraviolet light and this section of the column was cut 
into four sections. The silica gel of each of these cuts 
was extracted with ether, the ether was dried over an- 
hydrous sodium sulfate and, after filtration of the dry- 
ing agent, the solvent was removed by rotary evaporation. 
The lowest two sections yielded a colorless oil (0.605 g) 
which was shown by thin-layer chromatography to be almost 
only aldehyde, and which was shown by glpc (see below) 

to contain 90% aldehyde and 10% ketone and no other com- 
pounds. Thus the yield of aldehyde was 0.548 g (0.0023 


mole, 383%). 


(b) Gas-liguid Partition Chromatography (glpc). 
Whilst several liquid phases were found to be able to 
separate the ketone and the aldehyde, the one chosen 
was neopentyl glycol succinate (NPGS). A 4 ft x 0.25 
in glass column was packed with 10% NPGS on Chromasorb 
P, A/W and was able, with a carrier gas flow of 100 ml 
per minute to separate the aldehyde from the ketone at 
150°. In this way it was found that the colorless oil 
isolated by the nylon column technique was 90% aldehyde 


and 10% ketone. 
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7-tert-Butoxydibenzobicyclo[2.2.2.Joctadiene, 18 , - 


The method of Beyerman and Bonjekoe (47) for the synthesis 
of tert-butyl ethers was followed with modifications. 
Dibenzobicyclo[2.2.2.]Joctadien-7-o0l (0.6 g, 0.0027 mole) 
(38) was dissolved in dichloromethane (25 ml) and poured 
into a 2 1. pressure vessel equipped with a magnetic 
stirring bar. To this was added Dowex 50W - X8 Strongly 
Acidic resin (2 g). Isobutylene was condensed by passing 
the gas into a flask cooled by Dry Ice. The liquefied 
isobutylene (21 ml, 11.88 g, 0.21 mole) was poured into 
the pressure vessel and the vessel was sealed. The con- 
tents were stirred overnight at room temperature. The 
pressure was released and the resin was filtered off and 
washed with dichloromethane (20 ml). The dichloromethane 
of the filtrate and washings was removed by rotary 
evaporation to yield a white solid (0.58 g). The crude 
material was dissolved in a small amount (10 ml) of 
70:30/carbon tetrachloride:pentane and was placed on a 
dry column (acid-washed alumina, 18 g). The required 
ether was eluted with more of the same solvent. The 
first four fractions of 100 ml contained a total of 

0.325 g of the ether (0.0012 mole, 43%). The ether was 
recrystallized from carbon tetrachloride and pentane: 
movie, 5 =< 145°3. ir (CCl,) om ?: 3080 w, 3050 w, 3030 

m, 2980 s, 2920 m, 1470 m, 1460 m, 1390 m, 1370 w, 1365 m, 
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1060 s, 1025 m, 995 m, 920 w, 870 w, 665 s, 630 w, 610 w; 
nmr (CCl,): T62ed0loas. 204 (multiplet ,aShjearomatic) a5 .90 


(tra plet jel. Hash J =ei226 H2):,15292 (doublet; #llgeu 


HY OwAT SG iF. 
W307 =3320 Hz) 7a6e1l1 (doublet ofsgdoubleteof.doublet, 1H, 


Ho, J7 trans-8 = Be5 uzZ; JF cis-8 = 3.25 Hz, Jo 4 = oa 


HZ)" w.o8)(doubleteofsedoublet ,ofldoublet yall wH F 
, ) trans—o 
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2.6°Hz), 8.64 (doublet of doublet of doublet, 1H, H 


trans-8,4 


cis-8’ 


J =e 12. 52Hz2,40 = 35 253Hz 


cis-8,trans-8 cis-8,7 cis-8,4 a 


2.6 Hz), 8.91 (singlet, 9H, tert-butyl); mass spectrum 
(li5°7eEi I. )him/e (relative intensityoe 3,58) 2218 (328ile 
205 (885) 46203m(601) 5 dilde (22) 4el78" (100) amass spectrum 


(50°, (NHa-C.2e)am/e (relativejintensity 7410%):)2968(M + 


3 
TES PDO); 
Anal. Calcd for Co plo 20: Ci 60662809 HIR7 297 .SFound: C;, 


86200; Hgids 956 


exo-2-tert-Butoxydibenzobicyclo[3.2.1.]octadiene, 
i4,-—. The procedure detailed for the synthesis of i= 
tert-butoxydibenzobicyclo[2.2.2.]Joctadiene was followed 
exactly. Dibenzobicyclo[3.2.1.j]octadien-exo-2-01 (0.81 
g, 0.0037 mole) was reacted with isobutylene (20 ml, 
TT. 88 9,790.21 mole) cosmvield, alter chromatography, a 
white solid (0.59 g) which was shown by glpc analysis 
(4 ft x 0.25 in NPGS) to consist of two compounds in 


the ratio of 1:3. The lesser component gave an nmr 
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Spectrum consistent with 4-(2-methylpropenyl) dibenzobi- 
cyclo[3.2.1.Joctadiene and the major component was the 
required ether in 43% yield. Mp 102.5 - 104°; ir (CCl,) 
cm +; 3090 w, 3040 w, 2990 s, 2960 m, 2890 w, 1490 w, 
LATS", L460 "mM, Lo92em, 1372 °m, soe mM, ls40 we ls05 we 
TZ00*Wyelcs0'w, @LLoe Ss; tl60 we, L0o4d sp LO45"m-s LOZ20—s+ 
945 w, 938 w, 920 w, 910 w, 600 w; nmr (cDCl,): Te2s00 = 
S-20 (multiplet; oo, aromatic), 9.50 "(dOUDIeD, lH j= endo 
J SO eee Ts), Osle  (DLOaAn ert DO Let eli: Hey 
Suet UZ); pores UNCC L Le Ope; Hj), 


Js anti-8 =. Js, syn-8 
Woo (Ure ipLeu, ch, Syn-H, and anti-H,), and 8.58 (sing- 


Het, 9H, tert-butyl); mass spectrum (80°; Bel.) m/e 
(relative intensrpy > "Lous; e 2/7 (Mt lp25) ace Coal 
Poe (35) 7 20D NAS) 7 204 (100), 2203 (S56) 7 oe weak 
but structurally important peak at 278 (M, 5). 


Ariat? *Calcda-ror*c Of Ce s6.207 APr7 sor. “Hound: 5C; 


20%22 
86.44: H, 8.08. 


endo-2-tert-Butoxydibenzobicyclo[3.2.1.]octadiene, 


15,- When the procedure detailed for the synthesis of 
the ethers 18 and 14 was followed, none of the required 
endo ether was obtained. Under more forcing conditions, 
a small amount of the ether was finally realized. Di- 
benzobicvycelol3.2.1.)0CtLad1 6n—endo-2-01 (0.51 9,00.0023 


mole) was dissolved in dichloromethane (25 ml) ina 
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pressure vessel fitted with a magnetic stirring bar. 

Then was added, in quick succession, condensed isobutyl- 
ene #(50) m1 229 2700g',M10% 523mole) WandWeoncentrated4sulturic 
acid (1 drop). The vessel was sealed and the mixture 

was stirred for 2 days at room temperature. After chro- 
matography, using the same conditions as before, a white 
solid was obtained in the first 100-ml fraction (0.005 g). 
There was no solid in subsequent fractions until the 
eluting solventwas changed to chloroform, whereupon unre- 
acted alcohol (0.4 g) was recovered. Glpc analysis of 
the first fraction showed that the ether had formed but 
was contaminated by what appeared to be polymers of iso- 
butylene. The required ether was collected by preparative 
Sipe A2r£tex 07 2591ne NPGS) Sto. yield’ atwhite*®solid:¥mp 


97 —- 99.5°; yield <1%; nmr (CDC1,): v2.60 =23.200(multi- 


sy Be tene wat he 
Be50Hz). 6el4°4multipletceeiy, He), S25S0e(maleiplet els, Hy). 


plet, 8H, aromatic), 5.10 (doublet, 1H, exo- 


VN64e (multiplet; 2H,%syn-H, and anti-H) and 8.48 (singlet, 


8 
9H, tert-butyl). 
Mass Measurement. Calcd for Co 9H5 50: 298% L67iee Found: 


278.1674. 


7-Methyldibenzobicyclo[2.2.2.Joctadiene, 19 ,- The 


Clemmensen reduction of the aldehyde 4 was employed in 
this transformation. The aldehyde 4 (0.5 g, 0.0021 mole) 
was dissolved in 98% ethanol (10 ml). Zinc amalgam (3 g) 


was prepared by the method of Vogel (48). In a 100-ml 
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flask were placed the amalgam, the ethanolic solution 

of the aldehyde and concentrated hydrochloric acid 

GL 5m). The mixture was heated under reflux for 36 
hours, then cooled and extracted with ether (31 ml in 
three extractions). The ethereal solution was washed 
with saturated sodium bicarbonate solution, saturated 
sodium chloride solution and then dried over anhydrous 
sodium sulfate. After the drying agent was filtered, the 
solvent was removed by rotary evaporation to yield a 
yellow oil (0.33 g, 0.0015 mole). The oil was taken up 
in the minimum amount of 70:30/pentane:carbon tetra- 
chloride and this solution was placed on a dry column 
(Woelm Neutral Alumina, 7 g). The hydrocarbon was eluted 
with more of the same solvent. The first fraction yielded 
white cyrstals g(0..29.g 70.0013 mole, 163%).; the second 
fraction contained no further product. A portion of the 
material was recrystallized from ice-cold pentane to give 
Chunky crystal scan eo oso 2S et eh. 89g Oe (57) ae eee 
infrared spectrum was in accord with that reported (37). 
Nmr (CDC1,): Tt s00 e020 wi MuULtIplet, 8h, aromatic), 


On eit Dee, Diets =e? a2) 5 


4' J, cis-8 7 J4 trans-8 
6.06 (doublet, 1H, Hye Jy 7 ta 1238 HZ), 8.00. (nol Gipl es; 
, 


20; Hy and Hy eis toga 8 (doublet of doublets, 1H, 


H coe YAR ee aoe 8 So? a HZ), 


cis-8' J cis-9,trans-<8 
9.26 (doublet, 3H, methyl); mass spectrum (70°, E.I.) 


cis-8,4 


n/fe (relative intensity .> 05%). -22060(M, 6)7,.179 (16), 
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178 (100), weak but structurally important peak at 205 
HEAey 


Anal. .Calcd 5or C1 7H) 6: Ce 2s OO ct El ant Es Oy POLITIC. © ae) 2d ae 
2 i ya ne 
7-tert-Butyldibenzobicyclo[2.2.2.Joctadiene, 20.,- In 


each of two Carius tubes was placed anthracene (10 g, 
0.0575 mole), distilled 3,3-dimethylbutene (8 g, 0.095 
mole) and toluene (15 ml). The tubes were sealed and then 
heated at 195° for 72 hours. After being cooled and open- 
ed, the tubes were emptied into a 500-ml flask and 
crushed maleic anhydride (25 g, 0.26 mole) with toluene 
(30 ml) was added. The contents of the flask were heated 
under reflux for 4 hours in order to remove the unreacted 
anthracene as the maleic anhydride adduct. The solution 
Was cooleagwand extracted with a total or 2:1. of sacur— 
ated sodium bicarbonate solution. The organic layer was 
washed twice with saturated sodium chloride solution and 
then dried over anhydrous sodium sulfate. After filtra- 
tion of the drying agent, the solvent was completely re- 
moved by rotary evaporation and the brown residue was 
dissolved in 90:10/pentane:carbon tetrachloride (50 ml). 
The solution was placed on a dry column (acid-washed 
alumina, 200 g) and the hydrocarbon was eluted with 
90:10/pentane:carbon tetrachloride. The first four 


fractions oO: LOO mi" contained 0.125 97) 1.12°9,91.45°9 -and 


a. : : a + ase 

@.80 (ay sbnoot .86.0 \H 1Bd.Se 19 tg fips? to® botem ya 

eat - 

o> awh; 

_ BS ,sneibsscol SiS) Sl aleysitomadib ly tet-aaes-F en 
AC ns “anes cnn 

.e OLY sneosarfine ‘beoslq saw 2ode3 euiae3 owt to dose 

200.0 ip &) anetechiyddomib-£,€ belitvath (sfdw 2r200. 


aextd bag S55isse ezow nadia adv .(fim @t) srovia? bes (Siom 
“nsa0 brs befeds gated ~v2h .ewiol ST wet “HU de Bedeet 
sits tewke facbo® e°dtai Gokique caw wbdue wal Ga 9 
ontivtes a4 (ofem 8f.0 \v 2S) ofitinyrtins ntotan’ bedwess 
badaed Szow WeBEt Srl Zo etnednon of? i bobes eeu (Ee ORT 
badesbeie oft S¥omex Of xebrs ol etwod b 163 aolter sabaw 
sobtuiba af?  doukbs sé)ybyder olela ott a6 sapcetddas 
~qudae Io 11 8 to fades  ddiv hedseiixs GoW Befoos saw” 
new teye{ otnavie sd .ndstulor otenocweniad metsod bed a 
bie nolazrtéa shixelito miitos bovsastee toiw esiwd betasw 
~e 737122 sestA aiative waribos cnethyties 1990 beieb acnl 
-ot (tesaighdeaky Snivive arte inops patysh og) 0a 
sow aubitees mugad sds brs aobtatcysvs yantos yd a 


8l. 


0.025 g, respectively, of material. Nmr analysis showed 
the first and the last fraction to be identical so all 
the fractions were combined (1.72 g, 0.0059 mole, 5.153, 
based on anthracene). The hydrocarbon was recrystallized 
from pentanesamp Z6es 76552: ir (CCl,) cmic: 3080 w, 

3050 aw7o3030imy, 2970 8702910 om, =2880emp i 1485<w7tl4701s, 
L460 my@l1395 walls 65emze)290.w 4 1210ew) 01190 ew, bd Ow? 
L142 welll dew, 61050 jw7o1025 w, 9990 ews 4630.empe580ew: 

nmr (CCl): tace10b-63330 (maltiplet, sh pearomatic) 495373 


(doublet, 1H, H J =e3 s04H2)y75. 8h Cogipleus Ih, Wi 


LOR qi 


J, trans-8 ~ %4,cis-g = 2:5 #2), 8-32 (multiplet, 3H, 


DP Ho), 9.34 (singlet; 9H, jtert-buty1);; 
mass spectrum (115°, E.I.) m/e (relative intensity > 10%): 
B/D. 4 C16) nel 7 S(100)4-weak butsstructurally isagnificant 
peaks at 262/4(M, 1.4) and 205,(122). 


Anal. Calcd Gorn Ges 


20402: CG, (95354230 8246. pFround: GG, 


OhaG 57 oH .68 . 457. 


7-Carboxydibenzobicyclo[2.2.2.Joctadiene, 21, ~- The 


procedure of Campaigne was modified (49). Silver nitrate 
(1.35 g, 0.0079 mole) was dissolved in water (3 ml) and 
the solution was then added to a solution of sodium hyd- 
roxide (0.63 g, 0.016 mole) in water (3 ml) with stir- 
ring. The brown suspension was cooled in ice and to it 
was added a solution of 7-formyldibenzobicyclo[2.2.2.]- 


octadiene, 4, (1.0 g, 0.0043 mole) in ether (5 ml) with 
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stirring. The mixture turned black with the formation of 
metallic silver. Stirring was continued for five minutes 
after the addition was complete, whereupon the mixture 

was filtered by vacuum filtration and the residue was 
washed copiously with ether. The ethereal solution was 
extracted twice with saturated sodium bicarbonate solu- 
tion and the acid was recovered by addition of hydrochloric 
acid, followed by filtration. The acid was recrystallized 
from carbon tetrachloride and 0.86 g (0.0035 mole, 813%) 

of the white crystals was obtained, mp 186 - 186.5° (lit. 
LESS Shelia ea iy Pa OT S61) a eh tos (CCl,) cm™?: 3510 w, 3000 s broad, 
e9G0ra ec, .00M, 2/00 Sat bo1 ool ael 6650S peas sea ees 

nmr (CC1,): tT o=—1.04 (singlet, (1H, ‘COOH) 232.00 5— 3.2.10 
(multiplet, 8Hyaromatic) , 5.34 (doublet, 1H, Hy, 
en 2 Ne) ee te Oy CLL Dew ee Hye My ees = 
=e O Heep to multe DLet, woh, H.) 


ae 


a)s 7.94 


(multiplet, .2H, cis-H, and trans-H,); mass spectrum 


(95°) E.1.) m/e “(relatives inctensity, = 108: 250) (MP iy), 


J4 trans-8 


7 See) sy Oe) 
Anal. Calcd for C3 7H 4°? Geol nos Ny Osa em OUulG. ale 


BE aes -e ga ees 


Dibenzobicyclo[3.2.1.]loctadiene, 7,- A mixture of 
exo- and endo-4-chlorodibenzobicyclo[3.2.1.]Joctadiene 
(0.5 g, 0.0021 mole) was dissolved in ether (7 ml). 


Sodium (0.5 g, 0.0217 mole) was dissolved in liquid 
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ammonia (30 ml) cooled in an acetone/Dry Ice bath to 
-60°. The chloride solution was added slowly to the blue 
solution. After the addition was complete, the solution 
was kept cold for 5 minutes and the solution was then 
allowed to warm up to room temperature. The ethereal 
solution was then washed with water and dried over an- 
hydrous sodium sulfate. After filtration of the drying 
agent, the solvent was removed by rotary evaporation to 
leave a paleivyellow oil (0.28 °g, 0.0014 mole, 662). A 
portion of this oil (0.14 g) was dissolved in the minimum 
amount of 80:20/pentane:carbon tetrachloride and sub- 
jected to chromatography on acid-washed alumina (7 g) 
using the same solvent as eluent. The first two fractions 
of 75 ml yielded a total of 0.10 g of a waxy solid; 
Nps sOe5, (lit. Joos 37. (4))) <1) Tneennr speccmm 
Was identicalsto that reported for dibenzobicyclo[3.2.1.J]-— 
octadiene (28). 

This compound was also formed as the hydrolysis 
product of the attempted reaction of formaldehyde with 
the Grignard reagent of 4-chlorodibenzobicyclo[3.2.1.]- 


octadiene. 


Identification of Products for which Authentic 
Samples were not Available - 4-Methyldibenzobicyclo- 
RSL PACy like gal gm fed wie Um Bia) pf seal ie acs This minor product was collected 


by preparative glpc (see below); its stereochemistry 


od ibd. 89E y - im oy akacnn 
urbe tanh bei ae | 

scitee ice acon he eeaes 

(nozetts Sd? .otvistagmed moor 63 GH oew OF 

~16 revo helsh Bris Setetl fddiw berlesw aed enw 

othyeh oft to aoltexiLi? 152A - .oentive eres 

oy roktsatedsvs yrato7 Yd Ssvores sew snsvioe end nee 

4 .(#aa stom B100.0 .p 28.0) Lie wolLey sisq oe 

tunt¥eim eM ot Boviobakb eéw te bE.0) Bie wid So 

sede ane sherofiostiss hodiss ress srsq\ Ol: 08 te ¢ - 

(e +) sriiauts her#sw+hios fo vigerpetemordo ot 

snoigonyi ows Jaxi2 eff .dnsblis ag Jasviee ampe etd panied _ 

‘bitoe yexsw ‘6 to yw OL.0 Ie Inger & bolitety tm et Bo 7 

mugseoe tat aff .((Vf) “SE - BE -4ki) *8,0€ ~ 2c sae 

-{,.£.%.€)oloyoidosasdib tot betzoges tilt of ee 

. (ws) ——e x; 

alaylozbya sid 2s Besos et z2aw Buyagmon altar kot 

Wsiw sbydablewrcd 26coitones boiquiedts add to douborg 

L.c £joloysidesnsdiforclio-& to taspeas buauptsD ‘odd 


84. 


was not established; mp: 41 - 43.5°. Sufficient material 
was obtained for a mass spectral analysis: m/e (70°, E.I., 
Pelative intensitys> 20%): 2205 (M79), 219) (29)', 206 (24, 
SUSU) mee US 2 op el 7 S(O) ie 

Mass Measurement. Calca fon C- He se 220 fa 52), Found: 


7 41.60 
220222092. 


exo=s-tert-—bucyldibenzobicyclo[3.2.1. |octadiene, 12, 


This product was collected by preparative glpc and analy- 
zed by nmr, ir and mass spectrometry. Nmr (CDC1.,): cr 
2060 sao 20a(mulbiplet.. 8H «ranonatbic)ia°6.1 na(doubiet, Hi, 
= 4.5 Has, 6 232) (doublet..tlH,, Hes Demented 
fad Rds GA ee 


Hees Stile 


4.8 Has, eae 2 (doublet, Lis a eee UendoLses 


7.48 (doublet, 1H, Ho gy Jaunig anti-g = Ll-S Hz)» 7-78 


Gm tipiet, 1H, HH ), 8.80 (singlet, 9H, tert-butyl); 


ris (CCl,) cms S000 Wy. SULD WwW, 27600 Ss, 29L0im, 2090.m, 


anti-8 


T4800 m4 70ew7s 1460 wradsostiw, 1365 m, 1285 w, 1248 m, 
1205 w O10) win 8G0es, 1:69 4varse masse spectrume(s5°ss EOD. 
m/e (relative intensity > 10%): 262 (M, 14), 206 (37), 
205 LOO) ie 2049011) 205 (2) 78001 REM ps i S=ae7 7 SSN 
Cee Ol 5 4so8iyers. 46S Found <2) Cy 


AnalmentCalcdiwfonic Hy, 


Ai eepapee 


9151293 0H 18426. 


endo-4-tert-Butyldibenzobicyclo[3.2.1.]octadiene 16, 


The hydrocarbon was collected by glpc; mp: 73 - 75°. Nmr 
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(CDCl): (incomplete) 7 2.65 - 3.15 (multiplet, aromatic), 
8.290) (singlet; tert-butyl) ;) mass! spectrum’) (135°, EI.) 
m/eu(relativéhintensitys >w10%) ¢h2624dM; 010) ,6206n¢42) , 


205102007 , £257 8ed20)4 


bis—4-(Dibenzobicyclo[3.2.1.]octadiene), 17,- The 
dimer was collected by preparative glpc. Three col- 
lection-reinjection-recollection cycles were required to 
free the compound from 7/7-formyldibenzobicyclo[2.2.2.]- 
octadiene, 4, which was the compound eluted soon after 
PHescdimer mp: Blom 43.5". Mass spectrums s( 150 5,08 ste) 
m/e (relative intensity > 10%): 206 (22), 205 (100), 204 
C2 eet deel So ire oe elt, le LL) ye WEG DL es bile ri tit Ly, 
Ssiontiicant. peak at 410 (3.6). 


Mass Measurement. Catcd Torro. ALO M25 Oe eOund = 


a2 
ATO. 2035. 


III. PROCEDURE FOR REACTIONS 

Reaction ampoules were made of thick-walled Pyrex 
tubes joined to 10/30 joints, the total volume of each 
tube being about 3 ml. The ampoules were cleaned with 
chromic acid, distilled water, concentrated ammonia and 
finally distilled water and were then oven-dried at 110°. 
In subdued light, a weighed amount of the aldehyde was 
measured into the ampoule, followed by an aliquot of a 


solution of the initiator in chlorobenzene (1 ml of a 
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solution containing tert-butylperpivalate (0.663 g, 0.0041 
mole) in chlorobenzene (25 ml): Je. flem Ota 52M 
solution). The ampoules were then degassed by three 
CY Cles JOfet reeze-thaw ateca. Tome mm. After degassing, 
the ampoules were sealed under vacuum, allowed to warm, 
shaken to ensure dissolution of the aldehyde, sheathed 
in wire cages and then placed in an oil-bath which was 
held to a constant temperature of 84° (125° in the case 
of the high-temperature reactions). The reactions were 
deemed complete after 8 hours (ty. initiator = 45 minutes 
at 84° (38)). After this time, the ampoules were cooled 
to 77°K and opened. Immediately, an aliquot of a solu- 
tion of biphenyl in chlorobenzene ( 1 ml of a 0.032 M solu- 
tion) was added to the reaction ampoule. The thawed reac- 
tion mixture was then analyzed by glpc as described below. 
In order to ascertain whether the products of the 
reactions were stable under the conditions of the re- 
actions, authentic mixtures, where available, were heated 
with tert-butyl perpivalate in chlorobenzene and were 
analyzed in the same way as were the reaction mixtures. 
The products so tested were stable to the reaction and 
analysis conditions. Also tested in this way were 7- 
tert-butyldibenzobicyclo[2.2.2.]Joctadiene and 7-tert- 
butoxydibenzobicyclo[2.2.2.]octadiene; even though these 
compounds were not found as products, they were consid- 


ered possible products and the control was undertaken to 
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ensure that they had not been transformed into a true re- 
action product. Both compounds were stable to the con- 
ditions of reaction andanalysis and therefore were not 
reaction products. 7-Formyldibenzobicyclo[2.2.2.]octa- 
diene was found to decompose under the conditions of 
analysis, but the keeping of the column temperature ator 
below 150° minimized the problem. If an all-glass system 
were not used, the extent of the retro-Diels Alder re- 
action became excessive. Anthracene, the product of 

this decomposition, appeared on the glpc trace as an un- 
even and drawn-out peak. Two collections were made of 
this peak: the first of the first half of the peak and the 
second of the second half. Upon reinjection, both the 
collections gave one peak of the same retention time as 
anthracene, thus confirming that the decomposition was 
taking place on the column and that only one compound was 


represented by the original peak. 


Hey" ANALYSIS OF REACTANTS AND PRODUCTS 

Gas-Liquid Partition Chromatography (glpc) - One 
instrument, a Hewlett-Packard H.P. Model 402, was used 
throughout. It was fitted with a splitting device in the 
column outlet which enabled collections to be made under 
the same conditions as were employed in the analyses. 
The system was of the all-glass type with on-column in- 


jection. Detection was by means of a flame-ionization 


360 S78w sasha sana «Gn 
-sfob} 8.5. Clots yo rdoanseibrymet-t .wdouborg ols>set 
to anoiulbnoo afd zebeu seoqmoosb ot hawet 6a sew eneib 

10 36 Siudetsqmes nmulos sit to gaiqesd sit Jud veheylens 
mateye uesip-lis as 23 -ntelderqg sii boximinim “92! woled 
-ox “abla efeld-oles sd¥ to thot¥e ed% \boaw ton exew 

to doubow Sit ,sneceritak = .ovtesoaxe omesod acitos 

“7 AaB es SoBYd ogie si) so hetssqde .coitleegmmoeb ands 
%9 osbawy sta¥ taotdapelion avr .dasq tyo=nwerb bes neve 

643 Dhe t~naa oid Yo Plan tealt Ss Io taxkd off :tseq eist 
silt geod ,aotinstatex aoqu .tisd bnoves 92 Io bnooee 

ba emid sobtasties omfa silt to Seoaq ond svap sobtostles 
eew colitaogmoneb oi2.isdt onlwritacs sud? scsosidins 
eew batogise sno ¢irio tadt bas ouuloo sdv no sontq pakdee 


-Aseq lanipixo ed? vd hovnseetges 


TIUGOKS ae 

a0: - (oi alas 
Boe sew \SOb foboN at. bisinet-236 twat é pul 
ott mk eniveb ontysitee 6 Haiw beget? anv at  juotpoosds 
i ee seen uraet fottw teftao. awiie 


> 
= ; * 
x <A aed ‘i - aod 
7 7 
oe - 4 Z : 
/ } . . . cay 
J +a P 


ith, Ba twtr 


88. 


detector. The carrier gas was helium, maintained at a 
constant flow rate of 100 ml/minute. Three all-glass 
columns were used: 

a) 4 ft by 0.25 in NeoPentyl Glycol Succinate (NPGS), 


10%, Chromosorb P, A/W, 60/80 mesh 


b) AL LeO vs One oe NEN PGS LO se Chromosorb el Ay Ne 
60/80 mesh 
c) 8 ft by 0.25 in SE-30, 5% Chromosorb W, A/W, 


60/80 mesh. 


The first of these columns was AS ees of separat- 
ing biphenyl, dibenzobicyclo[2.2.2.]Joctadiene,1l, di- 
benzobicyclo[3.2.1.Joctadiene,7, 7-methyldibenzobicyclo- 
i272. 2. )OCtqniene,.1 9,7. 4-methyvidibenzobicyvcloio, eal] — 
octadiene, 13,, anthracene,  /-tert-—butyldibenzobicyclo— 
[2.2.2- |octadiene, 20, and exo—4—tert-butyldibenzobicyclo— 
[3.2.1.Joctadiene,12, though not all of these compounds 
were found in the reaction mixtures. The second column 
could separate biphenyl, exo-4-tert-butyldibenzobicyclo- 
[3i201.)octadiene, 12, endo—-4—-tert—butyldibenzobicyclo-— 
[p22 +e octaGs ene nLG. 7-tert-butoxydibenzobicyclo[2.2.2.]- 
octadiene, 18, exo-2-tert-butoxydibenzobicyclo[3.2.1.]- 
octadiene,14, endo-2-tert-butoxydibenzobicyclo[3.2.1.]- 
octadiene,15, bis-4-(dibenzobicyclo[3.2.1.]octadiene), 
LZ, 7-formyldibenzobicyclo[2.2.2.]octadiene, 4,and 7- 


carboxydibenzobicyclo[2.2.2.]joctadiene, 28, though not 
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all of these compounds were found in the reaction mix- 
tures. This column was also able to separate dibenzo- 
bicyclo[3.2.1.]Joctadien-2-one from 2-formyldibenzobicyclo- 
[3.2.1.]octadiene. | 

Analyses were carried out in bata caren Peak 
areas were measured either by multiplying peak height by 
peak width at one-half peak height, or by a planimeter if 
the peak did not resemble a Gaussian curve. The area 
ratio of the product to added biphenyl as a standard was 
used to calculate the concentration of the product pre- 
sent by multiplying the area ratio with known amount of 
biphenyl. The area ratio was corrected by a calibration 
factor which was obtained by comparing the area ratio 
with the mole ratio of accurately prepared solutions of 
the two hydrocarbons 7 and 1l and the aldehyde 4 and 
biphenyl in chlorobenzene. Retention time comparison and 
peak enhancement were obtained by the addition of authen- 
tic material to a portion of the sample and re-analysis 
by glpc. At least two columns were used in the compari- 


sons of the retention times. 


Spectral Measurements. Infrared (ir) spectra were 


recorded on a Perkin-Elmer Model 421 Recording Infrared 
Spectrophotometer. Nuclear magnetic resonance (nmr) pro- 
ton spectra were obtained on a Varian Associates A-60 


instrument, or, where sample size dictated, on a Varian 
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Associates HR-100 instrument fitted with Fourier Trans- 
form capability. Chemical shifts are expressed in T 
units and are relative to tetramethylsilane (TMS, T = 
10.00). Mass spectra were obtained on an A.E.I. Model 
M.S. 12. Mass measurement was performed on an A.E.I. 


Model M.S. 9. 


Microanaylses.. Microanalyses were performed in 
the microanalytical laboratory, Chemistry Department, 


University of Alberta, Edmonton. 
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